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Fehruary Zri, 1873. 

INAUGURAL ADDRESS. 

By JABEZ church, President. 

: TEAS ago it waa ray privilege as well as my pleasure to 
Idress you upon taking the chair for the fisrt time as the 
resident of the Society of Engineers, The occasion was one 
of much gratification to myself, for I esteemed very highly the 
compliment paid me by my fellow-members in being selected to 
fill tne honourable position of President. But whatever feelings 
of satisfaction — not unmixed with a slight, though, I hope, 
pardonable, degree of pride — I may have experiencM then, such 
emotions are greatly increased upon the present occasion, when 
1 find myself called upon by the unanimous voice of the Society 
to occupy the Presidential Chair for a second time. 

It is a source of peculiar satisfaction to me to feel — and I 
trust I may not be considered presumptuous in thus expressing 
myself — that, by this voluntary acton your part, my conduct, as 
the chief officer of our Society, has met with your approval. If 
I have not acquitted myself with so much ability as nave some 
of my predecessors, I yet trust that the material interests of the 
Society have in no way suffered at my hands. It has always 
been my endeavour to discharge faithfully the trust reposed in 
me, and if at any time I may have fallen short of your expecta- 
tions, and of my own intentions, I trust you will indulgently 
attribute it rather to want of judgment than to any lack of 
interest in our common welfare. I nave ever fully realized the 
responsibility of my position, and have endeavoured to act up 
to it, although no one can be more conscious than myself that I 
have not always succeeded. 

In what I have done I have been ably seconded and sup- 
ported by the warm co-operation of the Council no less than by 
that of the members generally, and but for this any endeavours 
J my part to promote the interests of our Society must have 
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As in tlie past, so in tho future, I accept the trust you 
have a second time bo kindly reposed in me, and the responsibi- ■ 
lities by whifli that trust is necessarily accompanied, witii mnch 
pleasure, and with a firm conviction, moreover, that both our 
Council and our members will extend to me their support, and 
will not withhold from me their sympathy — their support in . 
carrying on the afTairs of the Society to its credit and advantage, 
and their sympathy, if in a year hence the results do not quite 
justify their expectations. I am fuUy sensible of my obligations 
to the Society, and can only assure you that it will be my 
constant endeavour to discharge tlie Presidential duties to 
the best of my ability, not neglecting, but rather creating 
opportunities for promoting the srtbstantial progress of the I 
Society. But in opening the Session it is impossible not to i 
recall the memories of some of our fellow-woniers who for a 
while sojourned with us, but who during the past year have 
ceased from their labours. First on the sad list, although the 
last to depart, is Professor Eankine, who was one of our 
honorary members, and whose name stands high and honour- 
ably amongst those of meu who have advanced the staius of the 
engineering profession, Althougli we can know him no more, , 
his works, which were the result of no common order of intel- 
lectual attainment, will remain with us. By these shall we 
remember the well-stored mind, and recall the genial nature of 
one who so greatly enriched the engineering literature of his 
country. Professor Morse, who has done so much in develop- 
ing our telegraphic system, has likewise passed away, as has 
also Mr. Augustus Siebe, who greatly improved diving appa- ] 
ratus and the air-pump. The profession and a large circle of 
friends have had to regret the loss of Mr, W, Bridges Adams, 
whoso many improvements in railway plant and rolling stock, 
no leas than his genial face and cheery voice, will be long and 
well remembered, Mr, Merryweather, too, who may be con- 
sidered as the father of the steam fire engine, also passed 
away at a ripe age, after a lengthened life of honourable toiL 
Mr. Edward Ladd Betts, the eminent contractor, has left as, s^ 
have also Mr. Joseph Pease, and one of his sons, Mr. G-umey 
Peaae, who were both identified with the railway and iron 
interests. Mr. W. Moodie, whose name will be remembered in 
connection with the development of the screw propeller, died 
also. These, and several others in the minor grades of the 
profession, having executed their allotted tasks, have passed 
away. But although their places know them no more, their 
work in the world is being continued silently and effectively by 
others. 

During the past year two incidents have occurred in comiec- 
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tion with our Society, both of which, I trust, will prove conducive 
to its welfare. In May last the SecTetaryship heeame vacant, 
and the Council, in tlie exercise of the power vested in them, 
sought to fill it with due regard to the intereBts of the Society, 
After careful consideration they offered the appointment to 
Mr. P. F. Nnraey — a gentleman who has beon a member of the 
Society for fourteen years, and who at one time held the posi- 
tion of Honorary Assistant Secretary. Mr. Nursey accepted 
the appointment, and the Council have.no reason to wish that 
their selection had been differently made. The second incident 
to which 1 have alluded is the change in our place of meeting. 
For the last three years we have had our meeting-hall at the 
Westminster Palace Hotel. The required accommodation, 
however, could no longer be afforded to us there, as the apart- 
ments were needed for the increasing business of the hotel, and 
it became necessary to provide it elsewhere, The Council have, 
therefore, taken additional rooms in connection with the 
Society's offices, and have carried out certain alterations, 
whereby a large meeting-hall has been secured to the Society, 
which will doubtless meet our requirements for many years to 
come ; and I have no doubt that many advantages will accrne 
to the Society from having its offices and hall en suite. 

Another matter for congratuIati«n is, that during the past 
year two volumes of our Transactions in arrear have been pub- 
lished, and copies forwarded to the members, whilst a third 
volume will shortly be issued from the press. This will bo 
followed by the volume for last year, after which the Transac- 
tions will be published annually and with regularity. 

In other respects the prospects of the Society are decidedly- 
encouraging, as tbe list of candidates for membership just read, 
and that of those who will presently be balloted for, testifies. 

Another matter to which I would call your special attention 
is the reading of papers, which is of paramoimt importance to 
the Society — they are, in fact, the fruits by which it is known. 
Id pressing this matter upon you I can but reiterate the senti- 
ments that you have previously heard from this Chair. 1 can 
only say that it is not necessary that a paper should be lengthy, 
A short practical paper will often lead to a discussion in every 
way as valuable to the members as a long one. Tbe valne of a 
paper is by no means to be measured by its length, although 
lengthy papers may prove most valuable. I am the more de- 
sirous of impressing upon members the fact that a short paper 
is most acceptable, because it is by no means an uncommon 
notion that a pai)er and an exhaustive treatise are synonymous 
■ jjaa. In other words, members often decline to write papere, 

leging that they have not sufficient time to devote to the 
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subject, their idea bemg that unless they study fur it, road it 
up, aud aa,y everything that eaii possibly be said about it, the 
paper will be of no value whatever. Bat the fact really is that 
a short practical paper, followed by a good discussion, wliich it 
is sure to evoke, la often of more real value to members than 
long papers of a theoretical or speculative nature, which there 
may be neither time nor inclination to discuss. I trust I shall 
be excused for having detained you somewhat upon this point, 
but I feel that it is of the utmost consequence to the Society 
that we should do our best to impart to each other the special 
knowledge we ourselves possess, and to enrich our Transactions 
with valuable contributions. If any guide be wanted in this 
matter I trust it will be supplied by the circular upon the 
present subject recently issued ; and if any incentive to action 
be required beyond that of the Society's good, I trust it will be 
found in those mnte yet eloquent tokens of merit, the premiums 
which I have just had the pleasure of presenting to the authors 
of the best papers read during the past year. 

In urging these matters upon your notice in the way I have, 
I trust it will not be considered either out of place or tedious, 
I have done so in discharge of one of the duties inseparabla 
from my position amongst you — namely, that of promoting our 
common interests by counsel and advice upon points on which 
it is plainly needed. It is a duty which cannot be evaded con- 
sistently with the professions previously made by me, and it is 
necessary further in the interests of each member, as leaving 
him no escape from his appropriate individual responsibility. 

Having said thus mucn concerning the chief matters upon 
which depends the progress of our tsociely, I purpose in the 
nest place to review generally what has taken place in connec- 
tion with the Society during the past year. The first paper 
read was by Mr, Vaughan Pendred, who chose for his subject 
recent examples in American locomotive practice. The engines 
described and illustrated by Mr. Pendred were selected from 
the Louisville and Nashville Railway, and the paper was very 
interesting, as illustrating various points of difference between 
American and English locomotive practice. Two features 
especially were brought prominently before the meeting by the 
author, and these were the swing-bogie frame and the ingenious 
manner in which the leading end of the engine is carried, and 
by which arrangement a considerable amount of lateral play is 
obtained. 

This paper was followed by one from Mr. George Spencer, 
upon a subject which has undergone some discussion in the 
public papers during the past year — namely. State Kailwaya 
and Eailwny Amalgamation. Mr, Spencer did not consider that 
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it would be of any advantage to the nation if the railways of 
this couTitry were taken and managed by the State. He was, 
bowever, in favour of amalgamation where circumstances clearly 
indicated the advantage of sueb a course to the companies 
without prospect of danger to the public interests. For my 
own part I fail to see the advantage of railways becoming State 
property, especially when it is remembered that the railway 
capital of the country amounts to about 600,000,0007., the 
whole of which sum has been raised by private enterprise. 

The next paper was by Mr. E. G. Bartholomew, on a subject 
he was particularly qualified to deal with — " Electric Telegraph 
Instruments," and which he treated in a very comprehensive 
manner. Mr. Bartholomew considerably added to the interest 
of his paper by exhibiting a fine collection of telegraph appa- 
fatos in use from the earliest period of the practical introduc- 
tion of the system down to the present, time. Tbe more modern 
examples were shown in operation by the author, who had pro- 
vided battery power for that purpose. Mr. Bartholomew traced 
tbe bistory of telegraphic apparatus from the earliest time 
down to tbe present, describing in detail tJie progressive im- 
provements which had been made. The author showed that 
the principles of construction remained the same throughout, 
although great alterations had been made in points of detail. 
Altogether the paper was one of the most interesting read 
during the session. 

At tbe first meeting after the recess Mr. Bartholomew again 
occupied tbe atlention of the members by a paper on " Tele- 
graph Batteries," In tliis paper the author once more afforded 
a large amount of interesting information upon the subject of 
telegraphy. It is tbe third paper with which he has favoured 
the Society, he having read one on "Telegraphic Conductors" 
in 1869, It will be seen therefore that in these three papers 
Mr. Bartholomew has laid the subject of telegraphy completely 
before tbe Society, comprising as they do descriptions of the 
conductors, the instruments, and the batteries. In this last 
paper the author very aptly compared the electric telegraph to 
tbe steam engine, the battei'y representing the boiler, the con- 
ductor the steam pipe, and the instrument the engine. He 
then went on to describe tho different kinds of batteries, and 
tbe principles of their construction, and be graphically ex- 
plained the laws by which tho force generated was governed, 
pointing out that that force was proportionate to the chemical 
action and to the consumption of some of the elements of the 
battery. He showed the necessity for preventing any such 

" or decomposition from going on unless the resulting 
utilized, It was further shown how, by rendering tbe 
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Bucfaee of tlie most osiilisible metal homogeneous, local action 
was auppressed. The various metliods of joining up the ele- 
ments, whether as forming one large plate or in series, were 
described, and the reaulting character of the force explained. 
For these papers the Council haye awarded Mr. Bartholomew 
8 premium. 

This paper was followed by one on " Milford Haven and its 
New Pier Works," by Mr. H. Davey, wherein he first pointed 
out the natural advantages of the Haven, which made it one of 
the best harbours in the world. Although there is a fall of 
22 feet at spring tides the largest fleet can at all times find 
shelter and security there with good working room. The area 
of the main portion of the estuary from Blackhouse Point to 
Cosheston PUl above Pembroke Ferty is 8810 acres at high 
and 6855 acres at low water. At one fathom deep at low-water 
spring tides it is 5354 acres; at three fathoms it is 4245 acres, 
and at five fathoms it is 2951 acres, Mr. Davey told us he 
considered that the great rise of tide offered every advantage 
for the construction of graving docks in the port. He also 
advocated the extension of piers and engineering works for ship 
accommodation in the Haven, his reason being that the estuary, 
&om its geographical position as well as for other important 
reasons, was admirably adapted for £in extensive export and 
import commerce. In this conclusion those who are in the 
least acquainted with the Haven will agree "with Mr. Davey; 
and I may here mention that in the earty part of last year a 
movement was started for the purpose of constructing docks at 
Milford of such a size as to provide accommodation at neap 
tides for a class of vessels similar to the ' Spain ' and other new 
steamers belonging to the National Steam Ship Company. It 
is stated that vessels of this class could make to New York two 
more voyages per annum from Milford than from Liverpool. 
The necessary Parliamentary powers by which the construction 
of the works may be proceeded with are in existence. The 
engineer of the proposed works estimates the cost at about 
600,000/. Mr, Davey in the paper under notice described the 
New Iron Pier at Newton Noyes, which runs out from the 
mainland into deep water. It is provided with three lines of 
rails, and is connected with the Great Western Railway at 
Milford station by means of a short line tunning along the 
north side of the Haven near the foreshore. The main portion 
of this pier is 600 feet long and 50 feet wide, supported on four 
rows of wrought-iron piles in 20 feet bays. At tlio outer end a 
length of 180 feet is Built at right angles with the main portion, 
the construction being similar. The pier is provided with 
hydraulic hoists, cranes, capstans, &e., and has every arrange- 
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it for the convenience of Bhippiug. The details of these 
lechanical arrangements were fully illustrated by working 
'Srawings, and the paper will prove most valuable for reference 
when published in our Transactions. For this paper the Council 
awarded Mr. Davey a premiuni. 

The last paper of the year, and one of the moat practical, 
us on Continuous Railway Brakes, by Mr. W. H. Fox, who in 
le first place considered the conditions which a continuous 
irake should fulfil. He then investigated the retarding force 
required to stop a train within a given distflnce, which be 
ebowed varied greatly under the differing conditions of rail- 
way traffic. . His general conclusion, however, was that a 
xetording force of 18 per cent, of the weight of a train travelling 
fit the rate of CO miles per hour would stop it within a disiAUce 
of 220 yards in ordinary weather. Mr. Fox then gave his 
views with respect to wood versus cast-iron brake blocks, which 
were to the effect that casHion blocks were the better of the 
two, because with them the friction was more constant thai 
with wood blocks, and was higher iu foggy and wet weather, 
just the precise time when brake-power is most needed. The 
author then proceeded to describe, by the aid of some elaborate 
diagrams, the Chain Brakes of Messi's. Wilkin and Clarke, and 
the Hydraulic Brake of Mr. Barker, pointing out the relative 
advantages and disadvantages of each system. The author's 
general conclusions upon the subject of brakes were that every 
iooomotive and carriage should be fitted with sufBcient brake- 
.Dower to enable a train running at the rate of 60 miles per hour 
— , a level line to be brought to a state of rest within a distance 
220 yards in ordinary weather. For this carefully-prepared 
iper the Council have awarded to Mr. Fox a premium. The 
author by no means exhausted the subject of continuous brakes 
in this jmper. To have included oil would have been to extend 
the paper beyond reasonable limits. He therefore reserved 
"le consideration of the Atmospheric and Electric Brakes for a 
ind paper, which he has kindly promised to bring before the 
iety at our nest ordinary meeting. 
It will be seen that the subjeets of the papers rend during 
le past year have been as varied as the papers themselves have 
been interesting. But these papers possess an interest beyond 
tiiat o£ the passing hour; as practical productions they will 
have an abiding interest in our Transactions, where they will 
doubtless prove profitable to those of our members who reside 
out of London, and who consequently cannot attend our meet- 
Besides this, tbey will unquestionably prove valuable for 
ice, even to those who heard them road. They have led, 
> most part, to animated and useful discussions, and each 
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author has well merited the vote of thauks given after tlie 
reading of his paper. 

I next turn to the interesting and instructive visits which 
were made by our membora to various engineering establish- 
inenta during the recess. I believe that to our Society is due 
the credit of originating visits to public and other works, and I 
can conceive no better method for acquiring practical and often 
really valuable information, UBeful as are our papers, and 
instructive as are the discussions upon them, there is superadded 
to these advantages that which must ever accrue from ocular 
demonstration and actual inspection of work. It ia therefore 
a satisfaction when we find members taking advantage of these 
visits, which are always rendered pleasurable by tlie absence of 
that restraint inseparable from a scientific mealing. In my 
address last year I suggested that members should make notes 
of what they saw, and prepare a short paper upon the subject of 
each visit, for the information of those who were unable to join 
the inspecting party, as well as with the view of discussing the 
merits or demerits of the works or processes inspected. This 
suggestion does not appear to have been acted upon ; so, with a 
view of obtaining the ooject I have indicated, and also of placing 
on record, and of disseminatmg, by means of our TraneactionH, 
fufurmatiun roBpot'ting these visits, I now propose to give a 
brief account of cacli. 

Our first visit was made to the Royal Gun Factories, Wool- 
wich, permission having been kindly accorded by Colonel 
Cani|)bell, Il.A„ Superintendent of the Gun Factories. The 
tlnit point of interest visited ^vaa the forging department, where, 
u ttlno in the otlicr shops, Colonel Campbell had made arrange- 
inentN for iJIuiit rating tho processes involved in the manufacture 
«f thit WiHihvidli guns. In the forge we witnessed the coiling 
of a bar of iron 1.16 feet long, for a 10-inch 18-ton gun. Under 
A atcani-hanimpr close by was a small coil for tubing a cast-iron 

f[un on tho I'alliser iirinL'iple, a number of those guns being then 
n course of c<inverBion from smooth bore to rifl^ pieces. Near 
fit band was a 15-ton steam-hammer working up a trunnion coil 
for a 10-inch gun, a muzzle coil being wrought at another 
hammer close by. From the forge we were conducted to the 
■"lliDg-mill, where the chief feature was the rolling of tiie 3-inoh 
ra from which tho coila are made. The next process illus- 
i-ed waa the shrinking of a breech coil on the steel tube of a 
nch gun. In this process the coil ia brought up to a dull 
>ftt, and lov the tube, within which a stream of 

ept ph pou which the coil shrinks in cooling. 

we number of 35-ton guns in various 

Ve were then tronductod over the 
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tnmeries, the boring department, and the pattern-room in 
BUpeeBsion, in each of which we found the various processes 
being carried on by the aid of some of the finest macniuery in 
the world. We next went over the shell foundries, where we 
eaw Palliser projectiles in every stage of manufacture, from the 
moulding to the studding and finishing. In order to prevent 
rust, these shells are lacquered inside with a resinous composi- 
tion, al'ter which each shell is subject to an hydraulic test of 
100 lbs. per square inch. We were subsequently conducted 
over the laboratory, where we witnessed the series of highly in- 
teresting processes connected with the manufacture of the service 
cartridges. 

About a month later we visited the Locomotive Works of the 
London, Chatliam, and Dover Kailway, at Longhedge, Wands- 
worth, In the absence of the Locomotive Superintendent^ 
Mr. Hartley, who is one of our members, we were conducted 
over the works by his deputy. The fitting-shop here is a 
apaciouB building 250 feet long by 45 feet wide, and contains 
a variety of excellent planing, drilling, slotting, and bolt and 
nut cutting tools, by Sharp Stewart^ Whitworth, and other 
makers, which were seen at work upon the details of four new 
locomotives which the Company were then building. The turn- 
jng-flhop, which is under the fitting-shop, and of the same 
dimensions, was next visited, and then the brass-finishing shop, 
the pattern-making shop, and the smith's shop in succession. 
The Company's Foundry is at Dover, and there the principal 
castings are made. The erecting-shop is another large Duildmg 
about 150 feet long by 50 feet wide. Engines for repair are 
brought in at one end upon a steam-moved traverser, which 
carries the engine "side on" down the shop to any one of a 
nimiber of sidings arranged on either side of the building. The 
carriage shop is a building 200 feet long by 120 feet wide, and 
adjoining it is another large shop containing a set of wood- 
working machines. The wliole of the machinery is driven by a 
pair of engines of 40 horse-power each, with liigh and low 
pressure horizontal cylinders. The Longhedge Works afi'ord 
employment to about 800 men, and they are very well arranged 
fop their chief requirement, which is that of repairing. 

At the end of August tlie members paid a visit to the Works 
of the Gansome Stone Company at East Greenwich, over which 
they were conducted by Mr. Frederick Bansome, the Managing 
Director and inventor of the beautiful process of making arti- 
ficial stone carried on there. This process consists of mixing 
^ogether sand and dissolved flints in certain proportions, and in 
^Mirdening the composition by chloride of calcium. We first saw 
Qie saad in the course of being dried in an apparatus designed 
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for the purpose ; then we were aliown the digesters in which 
the flints were being dissolved by the action of caustic soda 
nnder eteam pressure, for the production of silicate of soda, 
rrom the digesters we were conducted to the incorporating 
mills, where the sand and silicate were being mixed into a 
plastic material, which we followed to the moulders' benches, 
and thence to the cldoride of calcium batlia, and subsequently 
to the washing and drying departments. We were also shown 
some excellent samples of stone produced under Mr. Kansome's 
new process, by which the chloride of calcium bath and the sub- 
sequent washing are dispensed with. This result is effected by 
the use of Farnhara stone as one of the ingredients, the stone 
possessing the peculiarity of being soluble at a low temperature 
in a Bolution of caustic soda. 

Upon quitting Mr. Eansome's interesting works we visited 
those of the Bessemer Steel and Ordnance Company close by. 
These works were being laid out for the manufacture of Uesse- 
mer steel aud of ordnance made from that material. The 
works were well arranged, and it is purposed to accept the 
invitation of the Bessemer Company, given at the time of our 
inspection, to revisit them next vacation, when they will be 
completed. 

The last of the vacation visits was to the works of the Great 
Eastern Extension to Broad Street, and the Locomotive Works 
of the North London Railway at Bow. Some idea of the 
magnitude of the Great Eastern Works may he gathered from 
the fact that the station at Broad Street will cover an area of 
9 acres. It will have a frontage of nearly 300 feet, and will 
be laid out with eight platforms covered in by an iron and glass 
roof in four spans. The ground has been cleared and the lower 
portions of the side walls have been built in excavated trenches, 
leaving a mass of earth 9 acres in area and 15 feet deep to be 
removed. The platform level will be 11 feet below the level 
of Broad Street, and will be approached from the roadway by 
an easy incline. From Broad Street the line will be carried on 
the level for about three quarters of a mile to Brick Lane, 
where it passes under the existing viaduct of the Great Eastern 
main line. From Brick Lane the line has a rising gradient of 
1 in 70 to its junction with the main line at Bethjaal Green. 
The construction of this extension line involved the diversion 
of the high-level sewer which intersected the route, but which 
has now been carried direct from Norton Folgato under Bishopa- 
gate Street to Gracechurch Street, where it rejoins the main 

At Bow we found our past President, Mr. W. Adams, waiting 
to conduct ua over the works of the North London Kailway, of 
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rhich line he is the locomotive engineer. The shops of this 
^ rompany axe tivelvo in numbGr, and are arranged on either side 
of the Company's line to Blackwall. They compiise turning, 
fitting, and grinding shops, erecting shops, boiler snops, carriage 
building and repairing shops, smiths' shops, and carriage and 
engine sheds. As the Company build nearly the whole of their 
engines and carriages, the members had a good opportunity 
afforded tliem of acquainting themselves with locomotive ana 
carriage construction in all tlieir departments. Various matters 
of interest were brought under notice in the shape of labour- 
saving machines, of which there were several, amongst them 
being a machine for finishing the outside of engine cylinders, 
and also for re-boring them without removing them from the 
engine. After quitting the shops we were shown a very inge- 
nious arrangement of an electric brake attached to a train of 
carriages about to be worked experimentally on the North 
London Eailway. As this brake will be described in a second 
paper on Continuous Railway Brakes, shortly to be reaii by 
Sir. Fox before our Society, 1 shall only briefly refer to it here. 
It consists of a very simple arrangement of powerful magnets 
excited by batteries carried in the carriages and in the guard's 
von, the power produced being utilized in putting on the 
brakes. The power is applied instantaneously and with ease, 
and is taken off with enual rapiditj'. Should a train break in 
two the severance of the connection causes the brakes to be 
applied automatically both in the forward and rear portions of 
the train. 

Before quitting the subject of these visits I wish to impress 
upon members the importance of attending them. Much excel- 
lent practical information is always to be gained, besides which 
they afford an opportunity for pleasant social intercourse, by 
which the bonds wnich unite us together as members are more 
closely cemented. By the introduction of friends, too, at these 
inspections, the strength of the Society has often been aug- 
mented. I trust therefore that at our future gatherings of this 
nature, as well as at our ordinary meetings, we shall have 
attendances which imJicate that a real interest is taken in our 
Society, for it must not be forgotten that the attendances are 
the true index of the interest felt by the members. If I am 
urgent in pressing these matters upon you it is because I am 
earnest. Moreover the only direct opportunity a President has 
for placing his views before the body of the Society is through 
the medium of his Inaugural Address. As I believe the views I 
b&TB expressed, if acted upon, will benefit the Society as a body, 
1 well as its members individually, I do not hesitate to state 
Lem plainly and to impress them strongly, asking your in- 
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^^H (lulgence if I am tedious, on tlie ground of my earnest desire to 
^^^^ disciiarge the obligations to the Society under which my office 
^^^1 . as its President places me. 

^^^1 My observations hitherto have related solely to matters in 

^^^1 whicli we are all more or less directly coDcemed as members of 
^^H the Society of Engineers. Let me now turn to those subjeeta 
^^H which possess an equally direct interest for us as members of 
^^H the profession our Society represents. And in so doing I would 
^^H first draw your attention to the progress made during the past 
^^^1 year in matters connected with that branch of the profession 
^^^1 in which I am specially engaged — Sanitary Engineering. 
^^^1 Undoubtedly the disposal of sewage is the most important 

^^H question in connection with this subject, and although it baa 
^^H not yet received a peimanent practical solution, sufficient has 
^^H been done during tbe past twelve months to lead to the hope 
^^H that the attainment of the desired object is not very far off. 
^^H The varying physical features of localities in which the question 
^^H of the disposition of sewage has to be solved, as well as other 
^^H attendant circumstances, render it necessary to adopt various 
^^^1 modes of treatment. Thus we have the irrigation, the £ltra^ 
^^^1 tion, and the precipitation processes. In the firstr-named pro- 
^^V cess we have one the success of which in every respect has long 
^^^ since been established. Not so, however, with the second — 

filtration — which in hot weather becomes a nuisance, and by 
which the manurial ingredients are wa'^ted. But, successful as 

I irrigation is, there are many cases in which the system cannot 
be applied, and which are therefore dependent upon precipita- 
tion for affording the means of showing a clean bill of health. 
With precipitation, however, a difficulty has hitherto been 
experienced iu dealing with the accumulation of sewage, and 
wherever any of the precipitating processes have been in 
operation for any length of time large deposits of undried 
sewage are the invariable result. But the insurmountable 
difficulty has been how to convert it at a cheap rate, and in a 
convenient manner, into a dry powder, fine enough to be used for 
agricultural purposes, and without having to undergo a separate 
grinding process. Numerous attempts have been made to solve 
this problem of drying, and the result has been that the cost of 
manual labour alone has amounted in some cases to nearly as 
much as the value of the dried manure, whilst in others it has 
exceeded it. During the past year, however, a mechanical process 
has been introduced into practice, and, so far as the drying is 
concerned, has produced satisfactory results. This process, which 
is the invention of Messrs. Milburn and Co., consists in drying 
the solid sewage on a hot hearth, which the whole of each 
charge is made to traverse. The machine iu which this is 
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i consists of a floor formed of iron platea wLicli are 

i placed under tlio feeding end, the heated pro- 

pmbnstion passing under the drying floor throughout 

'length. Over the bed is a frame extending nearly 

i of the floor, to which is fixed a series of transverse 

68 of which rest on the floor and act as Bcrapers, 

f this frame at each side are three bracket pieces, 

; a vertical slot in which work crank pins, the 

; attached to gearings placed on either side of the 

I being arranged to revolve togptUer. The slots 

the full length of -the stroke of the eranks, so that 

roliition the frame is moved to and fro, and the trans- 

■ Bcrape the whole surface of the bed and prevent the 

i caking. The length of the slot can be regulated 

ing piece, and according to the extent to which the 

intracted, so is the frame lifted at its backward 

The scrapers then pass over a portion only of the 

at the return stroke each scraper passes a portion 

ixt scraper, and thus the sewage travels the length 

until it comes o8^ dry at the end in the form of 

Between the scrapers and fixed to the movable frame 

r series of transverse bars which serve as pulverisers. 

fixed at varying heiglits above the plate, but do not 

At the inlet end of the machine they approach 

\ inch of the jihite, this distance gradually diminish- 

oh until the last one at the delivery end very nearly 

J plate. As the sewage passes over the plate these 

) break it up, and as it dries they finally reduce it to 

Besides these pulverisers, ■which are fixed to and 

1 the frame; there are others which ore stationary, 

B are transverse bars fixed to the sides of the machine and 

of prongs which assist to break up the mass of 

_B as it is moved to and fro. They are used at that point 

e the sewage begins to atifi'en and assume the consistency 

i clay. The products of combustion from the fire after parsing 

inder the plate are conducted over it and are carried away by 

t chimney along with the vapours arising from the drying 

_)rocess. It is alleged that some practical trials with this 

\ ioachine at the Borough Sewage Works, Leicester, show that a 

profit is obtainable from sewage thus treated. The furnace of 

1 apparatus capable .of drying 28 tons of sewage in 24 hours 

»uirea rather less than a ton of alack coal for that purpose. 

The next proposition for solving the sewage problem that 

B been advanced during the past year is that of Major-General 

iftt, C.B., whose process consists in clarifying sewage by means 

lime, and converting the deposit into cement, or into ogri- 
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cultural lime. This process has been for some time past in 
operation at Ealing, which baa a population of 10,000, is effi- 
ciently furnished with water-closets, and has a daily sewage flow 
ranging from 350,000 to 400,000 gallons, The precipitating 
materials — lime and clay — are mixed in certain proportions and 
are introduced into the main sewer at a point about a mile above 
the works. No deposit whatever is created in the sewer, whicli, 
on the contrary, is found to be kept particularly clean. On 
reaching the works a little more lime and clay is added to the 
sewage if necessary, and it is conducted to precipitating tanks, 
of which there are two, in a weU-ventilated building. The 
sewage passes slowly through the tanks, percolating upwards 
through a filter of sand and gravel into the open air. The 
water being run off from the tanks the precipitate is allowed to 
escape through apertures at the bottom and is subsequently 
removed and dried on a floor of hot plates. Here the mud 
becomes converted into blocks, containing about 30 per cent, of 
organic matter. These blocks are then placed in a kiln and 
burned, very little fuel being reauired, the organic matter greatly 
assisting combustion. The calcined material is removed to a 
inill, where it ia pulverised and forms a cement. The quantity 
of lime and clay required for treating 1,000,000 gallons of 
ordinary sewage is l^ton of the former, and § of a ton of the 
latter material. The result is rather more than 2 tons of cement, 
and the profit is stated to be 10s. per ton. This estimate does 
not include wear and tear, nor interest on capital, neither on 
the other hand is the bulk of the mineral obtained from the 
sewage taken into consideration. 

The third method of dealing with the question under consi- 
deration has been lately brought forwai-d by Mr. James A, 
Manning. The process consists in the deodorization and subse- 
quent concentration by heat and chemical agency of the matter 
taken from the houses, ao as to produce a dry pulverulent 
manure, which is stated by the inventor to rank with the highest 
class of artificial manures, and to be worth in the market from 
81. to 12?. per ton. Existing cesspits are to be filled up, and in 
their stead portable receptacles are provided. These receptacles 
are changed every few days, and each oue, when supplied, 
contains a powerl'ul deodorant, so as to prevent decomposition 
and to fix the nitrogen. The formation of carbonate of ammonia 
is said to he prevented, and the fertilizing value of the material 
secured. The full receptacles are taken to the Works and 
emptied into a hermetically-closed stowage reservoir, fixed at 
such B level as to admit of an easy flow into the evaporating 
chambers. These chambers are built of fire-brick, having flues 
underneath, and at each side, with a heated current passing over 
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16 top of the contents. At the same time, the material is 
agitated by mechanical means, to prevent burning or charring. 
Tlie vapours and smoke from the furnace are drawn off h^ an 
exhaust, and are forced into a condenser, where ammomacal 
liquor is formed, which is afterwards run into evaporating pans 
and treated chemically. The sulphate of ammonia then crystal- 
lizes, and is collected for the purpose of mixing with the manu- 
factured manure, if required, or it maybe sold separately. From 
15 to 16 tons of the sohd and fluid matter collected from the 
houses is said to yield about one ton of dried powder, in which 
the whole fertilizing power of the larger quantities is said to be 
concentrated. The result of this process is stated to be highly 
satisfactory in a commercial point of view, the cost being only 
about 4/. per ton. The system baa been tried at Bloxwich, in 
Staffordshire. It will be seen that it is mainly applicable to 
towns where only a partial system of sewerage exists. 

The most recent proposition for the recovery of manure from 
ordinary liquid sewage is that of Mr. Adolphe P. Vassard, the 
principles of whose process were only promulgated towards the 
close of last year. Mr. Vassard's primary object is to obtain a 
valuable manure, his secondary object being to render sewage 
innocuous. To effect this the inventor uses three materials — 
viz. baryta, soluble phosphate of lime, and a solution of carbo- 
nate of magnesia, which are added to the sewage in succession. 
The sewage is firat coarsely strained and run into a tank, the 
baryta being then thoroughly mixed with it. The sewage thus 
treated flows into a second tank, where it is mixed with a solution 
of the lime. From the second tank the sewage flows into a 
third, in which it is treated with the magnesia. It is now run 
into a fourth tank, where it is allowed to settle, and in the 
bottom of which the manure is deposited, the clear effluent 
water passing away. The deposit is finally removed and dried. 
The novel feature in Mr. Vassard's process is the use of baryta, 
the chemical action of which is similar to that of lime. Baryta, 
however, being stronger than Hrae, has a more rapid and effec- 
tive action than the latter material, although it requires about 
three times as much baryta as lime per gallon of sewage treated, 
A series of careful experiments have been made by practical 
chemists, who have treated by the above process sewage taken 
from the Abbey Mills Pumping Station. The results are stated 
to be highly satisfactory, and to demonstrate most clearly that 
the process is exceedingly perfect, and that by it an excellent 
fertilizer is produced at a much smaller cost than that at which 
manure is manufactured by any other known process. It Li, 
however, wanting in potash and soda, which can be added to the 
dried deposit. Judging from the reports which I have seen 
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respecting this process it bids fair to Im a saccess. At the same 
tiiuti the fact that baryta is a poieoiious substance must not be 
overlooked, as it would necessitate the process being carried on 
under certain restrictions. The manure thus prepared might 
have a. deleterious effect upon vegetation, while the efBuent 
water might possibly injure the streams into which it flowed, 
although the oaryta might be rendered insoluble by the sul- 
phates in the water. 

Another matter of importance in connection with the sanitary 
condition of the Metropolis is worthy of note, and that is the 
opening by the Lambeth Water Works Compauy of a new 
intake from the Thames, at West Moulsey, in August last. 
Complaints about the quality and quantity of the water supply 
in the Metropolis were at one time very freqnent. For some 
time previously the water of the Lambeth Company had been 
deteriorating, principally in consequence of the increase of town 
drainage fiowmg into the Thames above Uitton, where the 
reservoirs ate situated, and also because of the polluted current 
of the Mole flowing into the Thames. The Rye also, higher up 
the stream, brings down its quota of discolouring matter. The 
result was the construction of a new intake about a mile above 
the town of Hampton, the water being conveyed to the reservoirs 
by a conduit 3^ miles long. The brick portion of this conduit 
is of oval section 5 feet 9 inches high and 4 feet 9 inches wide 
internal dimensions ; the remaining portion is composed of iron 
pipes 4 feet 6 inches internal diameter. There are two lengths 
of these pipes, respectively 800 yards and 550 yards long, laid 
through E^ Moulsey and Thames Ditton, as a security against 
the leakage into the aqueduct of any foul subsoil water. The 
conduit for the first mile is laid level and then with a gradual 
inclination of 3 feet, giving an average fall of 12 inches per mile 
throughout. Thus by the force of gravitation the water will 
flow at a velocity sufficient to deliver 20,000,000 gallons per 
day. The conduit in ita course is constructed at depths varying 
from 10 to 30 feet below the ground surface. The fall of the 
Thames between the points of inlet and discharge varies from 
7 to 8 feet, according to the state of the river, and as 3 feet only 
of this is required to give the requisite flow through the aque- 
duct there remains a gaiu of from 3 to 4 feet additional head of 
water at the Ditton reservoirs. As the Lambeth Company 
supplies about 48,000 liousea, containing some 350,000 inhabi- 
tants, the advantage, in a sanitary point of view, of permanently 
improving the water is very great. 

While on the subject of water supply, it may prove interest- 
ing if I place before you a few statistics relating thereto. The 
quantity of water supplied to London by the several companies 
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Snow Hill, a length of 301 feet, the gradient was 1 in 22, and 
to Angel Court, a length of 1^38 feet, it was 1 in 25. The 
steepest gradient ia now 1 in 48, and this extends from Fetter 
Lane to the western side of the Viaduct Circus, a distance of 
250 feet. From the Circus to Newgate Street, the whole line 
of the Viaduct is practically level, Uie principal gradient heing 
1 in 200. The beat gradient on the old route was 1 in 66. It 
is cak'ulated that a horse can draw a moderate load at a trot up 
a gradient of 1 in 40 with ease, bo that even the Fetter Lane 

tradieut cornea well within this limit, and it only constitutes 
50 feet out of a length of 1695 feet. The whole of the 
foundations of the Viaduct are carried down to the blue clay, 
and are formed upon beds of concrete. The foundalious of the 
Farringdon Street bridge are carried down to a depth of 13 feet 
bfilow high-water level. The Viaduct is 80 feet in width, 50 
feet being occupied by the carriage-way and 30 feet by two foot- 
paths of 15 feet each. There are several remarkable features 
in the Viaduct besides the Farringdon Bridge, but which are 
wholly out of sight. The central portion of the Viaduct, 
between Snow Hill, and the Circus, is carried on a series of 
arches 21 feet span and 45 feet deep, forming a range of vaults 
approached by a line of carriage-way formed in the body of the 
structure and running the whole length of the vaults. These 
vaults are well ventihited and drained, and have entrances ixom 
Farringdon Street and Shoe Lane. Under the footways of the 
Viaduct and flanking the vaults, are two subways, carrying 
pipes for gaa, water, and telegraph wires, while beneatb each of 
these subways is the conduit for the sewage of the district, 
which flows through an open channel, flanked hy a paved foot- 
way, and carried on the concrete foundation. The construction 
of this line work was not carried out without interruptions, 
inasmuch as Shoe Lane, Farringdon Street, and the London, 
Chatham, and Dover Bailway have interfered with the continuity 
of the substructure, while the tube of the Pneumatic Dispatcu 
Company has been laid in some places beneath tlie foundations 
of the Viaduct and in others above them. Besides the Viaduct 
there is Oliarter House Street, with a length of 455 feet and a 
width of 60 feet on a gradient of 1 in 43; the route from 
Snow Hill on to the Viaduct, which is 665 feet in length, on a 
similar gradient ; and the new street from Shoe Lane to the 
Viaduct Circus, all with their underlying sewers and vaults. 
These, with sundry other works, combine to form one of the 
finest Metropolitan improvements London has ever known, and 
constitute a si * monument of engineering skill. The gross 

coat of these i the end of last year has been 2,500,887?. 

In the V rtion of suburban London several engi- 

neering Of considerable magnitude and importance 
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, B now being carried on and are fast approaching completion. 
"The first of these is the Chelsea EmbaDkment, which was 
commenced in the autumn of 1871, and is expected to be com- 
pleted by July nest. The works commence at the western end 
of the Cholaea Hospital Gardens, forming, in fact, a continua- 
tion of the line of embankment which wua eonsttiicted up to 
that point by the Commissioners of Woods and Forests. That 
scheme comprised an embankment and roadway between 
Vauxhall and Battersea Bridges, and the construction of a 
Suspension Bridge at Chelsea, The bridge was built and the 
embankment constructed a short distance beyond it, when 
funds failed and the works were etopped. The present embank- 
ment is being carried out by the Metropolitan Board of Works, 
from the point indicated to Battersea Briilge. The works 
consist of a river wall, having behind it a roadway 70 feet wide, 
flanked by ornamental grounds, a low-level sewer being carried 
about 30 feet below the roadway. The wall is formed of Port- 
land cement concrete faced with granite, the surface of which, 
instead of being dressed smooth, as in the Victoria and Albert 
Embankment, ia simply hainmer-dressed, the style of masonry 
being that known as drafted and scabble-faced. The parapet 
and Tamp pedestals are solid granite, fine dressed. The footings 
of the wall are only carried to a depth of 4 feet below low-water 
spring tides, the i'avonrable character of the ground and the 
nature of the river traffic rendering it minet'essary to carry the 
foundations to a greater depth. The concrete backing of the 
wall is 12 feet thick at the base, 7 feet 9 inches midway of its 
height, and 4 feet 6 inches at the top, immediately under the 
footway of the embankment, and is benched or stepped out to 
the rear. The concrete is tipped into a trench formed behind 
the granite, and the water is let in upon it at the rise of the 
tide and pumped off at the fall, the work being proceeded with 
between tides. The work of construction ia carried on from a 
timber staging laid with rails, while beneath it, and guided by 
the piles which carry it, are floating stages on which the 
concrete is mixed, anti from which it is tipped into the trenches 
behind the granite. These floating stages form a novel feature 
in embankment construction, and were devised by Mr. Benjamin 
Cooke — one of our members, who is acting as engineer to the 
contractor, Mr. Webster. The work has made fair progress 
alung its whole length, especially at the eastern end, where it 
was commeuced. The completion of this work will open up an 
almost continuoiis river embankment and roadway, 4^ miles in 
length, between Battersea Bi'idge and Blackfiiars, the only 
break in the continuity being a quarter of a mile not embanked 
between Millbank and the Houses of Parliament. 

The next Metropolitan improvement for notice is the Albert 
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Bridge at Ohelsea, which crosses the river in a Ime with Oakley 
Street. It is being conatnicted upon the Ordish rigid suspen- 
sion principle, in which (he main girciera eairying the roadway 
are suspended by straight inclined chains, which are maintained 
in their proper positions by being euspended by vertical rods, 
at intervals of 20 feet, from a curved steel wire cable. The 
bridge has a total length of 710 feet, and a width of 41 feet 
between the parapets, the roadway being 27 feet wide and the 
two footways 7 feet in width. The course of tlio roadway and 
the two pathways is uninterrupted throughout the whole length 
of the bridge, the towers being placed, outside the parapet 
girders. There are three openings across the river, one of 400 
feet in the centre, and one of 155 feet at each end. There is a 
clear headway of 21 feet at the centre of the bridge from the 
under side of the platform to Trinity high-water mark, while at 
the abutments the height is reduced to 10 feet. The towers 
carrying the main cliains are four in number, placed in pairs, 
each pair being connected at a height of 60 feet above the 
roadway by an ornamental iron arch. Each of the towers is 
carried on a pier conatrueted of cast-iron cylinders sunk, down 
to the London clay, and filled in with concrete. The founda- 
tions of the piers ^so consist of cast-iron cylinders, the bottom 
or cutting ring being 21 feet in diameter. The next ring above 
this tapers from 21 feet at its junction with the cutting ring to 
15 feet at the top, from which pomt the piers are constructed 
with cylinders 15 feet in diameter up to the level at which the 
towers commence. The cutting rings are noteworthy as being 
the largest cylindrical castings ever made in one piece. The 
towers are of cast ii-on and of an ornamental character. The 
main girders are of wrought iron 8 feet deep, and form the 
parapets of the bridge, being continuous from end to end. The 
upper portions of the girders are perforated and covered with 
ornamental openwork castings. The roadway of the bridge is 
at a higher level than that of the embankment, so the footway 
of the latter is carried under the approach roadway of the 
former, while steps are provided by which foot passengers can 
gain the bridge roadway. The roadway of the embankment 
will be connected directly with that of the bridge by means of 
curved approaches laid with easy rising gradients, thus forming 
a very complete arrangement for communication both for foot 
paBsengers and carriage tralBc, This work is being carried out 
under the supervision of Mr, F. W. Bryant, one of our past- 
presidents, who is engineer for the contractors. 

Proceeding up the river, within two miles of the Albert 
Bridge are the works of the Wandsworth Bridge, which otoBSes 
the Thames close by the old Waudsworth pier. This bridge 
1 to connect the districts of Wandsworth and Fulham, 
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and the want of such accommodation has long been felt. It is 
a lattice girder bridge, and is divided into live spans, one at 
each end of 113 feet 6 inches, and three in the stream 133 feet 
4 inches each. The river piers are wrought-iron cylinders 
7 feet 6 inches diameter, each sunk 14 feet into the London 
clay and filled in with concrete, a bed of concrete having been 
put in under them after they were sunk. TIuto are two of 
these cylinders to each pier, connected together directly under 
the platform of the bridge. The abutment piers on either side 
of the river are of brickwork and masonry. At the centre of 
the bridge there will be a clear headway of 20 feet above 
Trinity high-water level, reduced to 14 feet at the abutments. 
The main girders are 12 feet deep, and are connected over the 
piers so as to be continuous throughout. The cross girders 
are placed 14 feet apart, and are riveted on the upper side of 
the bottom flanges of the main girders. The width between 
the main girders is 30 feet, of which 18 feet will be occupied by 
the roadway and 12 feet by two footways of 6 feet each. The 
approaches on the Surrey side consist of five brick arches of 
20 feet span each, and another span of 20 feet carried by 
girders over a roadway. The approaches extend 280 feet 
beyond this, and are carried up in earthwork. On the Jliddle- 
sex side there are 420 feet of embankment in the approaches, 
and a brick arch of 30 feet span, which adjoins the bridge. 
The works are progressing, and it is expected that the bridge 
will be opened in March or April next. 

Such are the chief Metropolitan works now fast approaching 
completion. Considered in conjimction with the main dminage 
scheme, the new bridge at Blackfriars, the two embankments, 
the new meat market, and Queen Victoria Street, it will be 
seen that London has undergone within the last few years some 
most important changes, and has been the scene of some very 
great improvements. 

The past year has seen the completion of two magnificent 
works of harbour construction, and the commencement of a 
third. The first — and certainly the finest — is the Portland 
Breakwater, which was opened by His Koyal Highness the 
Prince of Wales in August last. The work of construction was 
commenced in 1849 from designs by the late Mr. Eendell, the 
resident engineer being Mr., now Sir, John Coode, who re- 
ceived the honour of knighthood on bringing the work to a 
successful issue. The breakwater commences with a pier which 
runs due east for about 1900 feet and terminates in a fort. 
Then comes an opening of 400 feet for the entrance of vessels 
from the southward, and on the other side the breakwater 
proper commences and is carried out to sea for a distance of 
6000 feet, terminating in another fort. The pier consists of a 
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nibble mound, formed of stonea of all sizoa, from masses of 
sereral tons weight down to small &agment>i, with a wall of 
masonry constructed inside it. The sta wall is strengthened 
by counterforts 20 feet apart, and connected by arches carrying 
a platform or landing stage above them. The breakwater 
proper is a nibble bank foimed of atones of all sizes as in the 
case of tJie pier. The total quantity of rough atone tipped into 
the sea was about 6,00U,OUO tons, the rate of deposit varying 
from 200U to 3000 tons per day. The width of the structure 
at the base is KOO feet, and at the top 60 feet, the average 
height from the bottom being 70 feet. The sheltered area 
afforded by these works is about 2100 acres in extent up to 
low-water level, and the cost has been about 1,033,000?. 

The second structure of this class which has been completed 
during the year is the pier and harbour at Douglas, in the Isle 
of Man. Tlie work consists of two portions, au inner length or 
approach, and a pier proper. Tlie approai'h is the continuation 
of a roadway on the sliore, and extends 750 feet along a rocky 
ledge, when the pier commences, and is continued for a length 
of 400 feet, making the total length 1150 feet. The pier ia 
52 feet high from foundation to copiug at the seaward end, and 
ia laid throughout with a carriage way 30 feet wide, and two 
footways, each 10 feet wide. Along the pier, at iutervals, are 
lauding steps, and at its outer extremity is a cast-iron lighthouse. 
The distinguishing feature of this stntctare is that it is built 
entirely of ashlar work in concrete, blocks weighing from 5 to 
10 tons each being used. The cost of the work waa 46,40(1/., and 
it absorbed 41,000 tons, or 675,000 cubic feet, of concrete. 
Besides the works I have described there is yet another now 
being carried oat at the same place. This is a pier correspond- 
ing with that already referred to, and when it is completed the 
two will enclose au extensive sheltered water area. The second 
pier is being constructed in a similar manner to the first, some 
of the concrete blocks being in the foundations built in a^ and 
weighing 220 tona each. The length of this pier will be 550 
feet, but to complete the protection of the harbour it will have 
to be continued for about 450 feet more, at an angle with the 
present line of the work. The completion of the second portion 
of the work ia expected in a few months' time. The engineer 
of these works is Sir John Ooode. 

The Harbour Works to which I have referred as having been 
inaugurated during the past year are at St.Heliera, Jersey. Sir 
John Coode is also the engineer here, and his design comprises 
a protecting breakwater, which will start from Port Elizabeth, 
pass by the Hermitage rock, and terminate with an elbow, the 
total length being 2700 feet. The outer portion will be about 
60 feet high, and 38 feet in width at the top. There will also 
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|fkwater about 900 feet in length between Fort Eliza- 
"' tlie shore. On the eastern side of the area to be 

[he works will consist of a wall carrying a roadway 

'e and 1400 feet long, at which point it will turn wesl- 

■iirve 300 feat long, aud will be extended for a distance 

let, terminating with an elbow 300 feet long, forming a 

md laodiTi^' place, and having five low-water berths for 

A lighthouse will be placed at the end of the pier, 

H have a total length from the mainland of 3400 feet. 

:ks will be constructed in the same way as those at the 

in, and when completed will give a sheltered area of 

at high water ordinary spring tides. It is expected 

rorks of c'jnat ruction will extend over six or seven years, 

" 3 break\rater and landing stage will cost 253,000/. 

1 prove of great advantage to the steam vessels fre- 

. Heliera, which will be able to land and embark 

g alongside at dead low water of spring tides. 

jarbours to ships is an easy and natural transition, so I 

t touch upon tue question of Channel communication. 

■dly tell you that for some years past propositions have 

to time been started for effecting a permanent com- 

. between our shores and those of France. These 

..lave embraced tunnels beneath the Channel, through 

fden formation and through the super-imposed chalk 

, tubular ruilways, both locomotive and pneumatic, on 

_ f the Channel, embankments through the Channel, and 

^B OTcr it. We have also bad propositions for improving 

irbourage on either side and starting a superior class of 

■ in connection therewith. With regard to the latter pro- 

B they are by far the most sensible, involving as they do 

' y of only a few hundred thousand pounds, as against 

iditure of some twenty-five or thirty millions, and as 

J only two or three years for carrymg them out, as 

f -a possible indefinite period. In connection with schemes 

Klatter class I have only to mention the names of Fowler 

Ifwfeshaw, whose plans have been so well ventilated during 

{A two or three years as to need no further reference from 

Bnt there has l)een another class of propositions brought 

" mtiy forward during the past year, less costly, and to 

d more practical than any of the others. These propo- 

Rjecommended the taking of the harbour and pier accom- 

a as they are, and improving the Channel passage by the 

iiion of a cbtss of commodious, quick-speed vessels of 

draught, adapted to the existing harbourage on either 

'be first of these proposals, because the most practically 

i at the present time — is that of one of our honorary 

a, ' Mr. Henry Bessemer. The leading feature iu 
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Mr. Bossemev'e plans is the abolition of Bea-sickoess, one of t!ie 
most prominent concomitants of Channel passages as at present 
performed. For several years past Mr. Bessemer has given 
very careful attention to tbis question, and has worked out 
several methods of preventing sea-sickness, each an improve- 
ment upon the last. Finally, he proposed to suspend a saloon 
upon a horizontal axis within the ship and in a line with her 
keel, and to control the roUing motion imparted to it by the 
vessel by means of hydraulic apparatus. The pitching motion 
he deals with by having a very long ship with low Ireeboard at 
either end, whilst her light draught would enable her to enter 
the waters of both English and French harbours at all states of 
the tide. To carry this proposition into effect there haa been 
a vessel designed by Mr. E. J. Reed, C3., 350 feet long, with 
45 feet deck beam, and 65 feet over her paddle boxes, and whicli 
whon fully loaded will draw but 7 feet 6 inches of water. The 
suspended saloon wilt be placed in the centre of the vessel, and 
the engines fore and aft, two pairs of paddles being used. The 
engines will be of 750 horse-power nominal, and the vessel is 
expected to attain a speed of 20 miles per hour. The saloon 
will be 70 feet in length, 30 feet in width, and 20 feet in height, 
and will carry on the top a promenade deck. This saloon will 
be governed by a set of powerful hydraulic apparatus connected 
with the under-side of the flooring, and so arranged that as the 
vessel rolls to either side the pressure or resistance afforded by 
the water is instantly brought into play and utilized in checking 
the motion. The apparatus is controlled by a pair of very 
sensitive equilibrium valves actuated by a hand lever. At this 
lever stands the attendant, who watches a spirit lever before 
him, and at the slightest variation of the bubble he at once 
suppresses the tendency of the saloon to follow the rolling 
motion of the ship. A vessel embodying all the features I 
have indicated is now being built, and will, when finished, be 
placed on the Channel service. That it will succeed there 
seems to be but little question, but if it should not the saloon 
could be fixed in a day or so at a very small expense, and the 
vessel could then be worked in the ordinary way, and would pro- 
bably be the finest and steadiest ship over placed on that station. 
The next aspirant for the honour of anmhilating sea-sickneaa 
ia Mr. S. J. Mackie, a gentleman who has also devoted much 
time and attention to the subject. Mr, Mackie proposes a 
vessel 400 feet in length with 80 feet beam, entirely iron-built, 
and embodying an ingenious application of the tubular or box- 
girder system. The special feature in Mr. Mackie's vessel is the l 
method of propulsion adopted, which consists iii having two 
waterways or channels running from stem to stern of the ship I 
in parallel courses, in each of which two paddle-wheels revolve. 
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ffhese waterways are situated one on either side of the saloon, 
T)ut within the hull of the vessel, and Mr. Mackie's theory ia 
that the water is sucked in at one end and discharged at the 
other, npon the same principle as in the hydraulic mode of pro- 
putsion adopted in the ' Watermtch.' The rolling motion is 
assumed to be provided against by the waterways, whilst the 
pitcliing is met hy tlie great length of the ship. The engines 
are to be of 800 or lOOO horse-power, and are expected to give 
the vessel a speed of 20 miles an hour or more. Mr. Macjkie 
has experimented with a steam-propelled model of large sizi-, 
and from the results thus obtained he entertains the most 
flanguine liopes of success in a veeael of the dimensiona I have 
tated. 

The third system proposed is that of Captain Dicey, whnse 
pdea is borrowe;! from the rude contrivance of the native buat- 
men of the Indian Seas. In this proposition we have two 
longitudinal halves of a ship connected together at a distance of 
several feet from each other by means of cross girders, the 
paddles being placed in the channel between the two sections 
of the ship. However well this arrangement may overcome 
the difficulty of rolling, I have yet to learn that it meets the 
requirements of safety ; or, considering the peculiar strains a 
ship has to encounter, that the arrangement is consistent with 
the first principles of engineering. One thing, however, seems 
pretty clear concerning the general question of international 
communication, and tliat is that at the present time some 
practical and vigorous attempts are being made to solve it, and 
thereby to render expeditious and comfortable one of the most 
tedious and comfortless passages known to modem travellers, a 
passage far more dreaded by some than a run across tlie 
Athmtic. 

No incident of special engineering interest has occurred 
during the past year with respect to railways, although con- 
siderable activity has been manifested in minor matters 
connected with them. The iirst incident for notice is the 
opening on the 1st January of two new stations by the Midland 
Kailway Company on tho Tottenham and Hampstead line. 
These are the Junction Road and the Hornsey Hoad stations, 
the former being situated close to Tuffnell Park, and the latter 
being between the Upper HoUoway and Crouch Hill stations. 
These stations wiU well meet the requirements of the populous 
and ever-increasing Metropolitan Northern Districts, and will 
give additional facilities to the suburban travelling public in 

fiucral. Later on in the spring, the Great Eastern Railway 
xtension from Bethn^ Green Junction to Stoke Newington 
vas opened, and soon afterwards other extensions to the north 
if the Junction. All modern improvemeuts wei'e adopted in 
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the oonstraction of the works, and in the new rolling stock 
ffhich was provided for the trtuESc. 

The London, Obatham, and Doret Eailway have greatly 
improved their Cryatal Palace route by the opening of then 
loop line at the Loughborough Eoad. Although the new 
Jimction line is little more than a quarter mile in length it will 
effect a saving of no less than two miles between Ludgate Hill 
and the Crystal Palace, by cutting off the angle and circuitous 
route via Brixton. The new tine, which 18 Sfgmentiil in plan, 
is carried on forty brick arches beaides three girder bridges. 

In the provinces there was, first, the cutting of the fii'st eod 
of the Hythe .and Sandgate Branch of the Soulh- Eastern 
Railway by Priuee Arthur. The line branches off from the 
West Hanger Station of the South-Eastern Eailway, whence it 
proceeds to Hythe, and thence to Sandgate, which will for the 
present form the terminal station, although there is a probability 
of an ultimate extension to Shomcliffe. The total length of the - 
line is 3^ miles, and its completion is expected about June next. 
There are no tunnels on the line, but some heavy cuttings 
occur at several poiut-s on the route. 

In the early part of the year the Hayton, Prescot, and 8t. 
Helen's Branch of the London and North-\Ve8tern Railway 
was opened. Thia branch forma the last link of a new direct 
route from Liverpool to Scotland. 

About the same time the first sod was cut of a new railway 
which will connect the town of Presteign with the Leominster 
and Kington Bi-anch of the Shrewsbury and Hereford Railway. 
The line is about 7 miles in length, and will supply railway 
accommodation to a district winch has long felt the want of it. 

Abroad, several railway matters have presented tJiemselves 
for notice during the past year. On the morning of the 8th of 
January the mail for India arrived at Briodisi after having 
passed for the first time through the Mont Ceiiis Tunnel, 
taking for the journey twenty-four hours less than by tlie old route. 

The close of January saw the first Sardinian Railway opened 
from Cagliaii to Orisbano, In the second section, which is to 
extend to Sassari, are many heavy works, high mountains and 
steep valleys abounding, so tliat its completion will be the work 
of considerable time, its rate of progress being very slow, at one 
point only 5 miles in three years. 

The St. Gothard tunnel is proceetling slowly but surely, the 
boring being carried on by the aid of the new explosive com- 
pound, litho-fracteur. The nature and extent of the work may 
be inferred from the circumstance that the engineers estimate 
that they will require at least 1500 tons of this powerful 
explosive. It is interesting to notice that on tha 15th of 
November last the first Japanese line of railway was inaugn- 
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rated. It connects Yeddo, the capital, with the port of Yoko- 
hama. This line, it is expected, vnll shortly be supplemented 
by a complete system of telegraphic communication. 

A gigantic railway scheme has been proposed during the year 
for South Australia, involving the construction of a line from 
Port Augusta to Port Darwin, with branches towards Melbourne, 
Sydney, and Brisbane. The proposal originated with the 
South Australian Government, and the first cost is approxi- 
mately estimated at 10,000,000?. 

It is somewhat singular to read — as many of us of late may 
have read — of the progress of the Jaffa and Jerusalem Kailway, 
We can hardly realize such modem innovations as these in a 
land to which such a peculiar and special interest is attached. 
But all must bow before the pioneer of civilization — the Rail- 
way — and thus we find that M. de Farey, the constructing 
engineer of the line I have alluded to, has started with a large 
staff of men to make this line. The railway is 75 kilometres in 
length, and is expected to be finished in about eighteen months. 
It will find a large traffic in the pilgrims to and from the sacred 
city, who are said to be looking forward to the accommodation 
it will afford them. 

The Fairlie system of light railways and rolling stock has 
made some progress during the year in Russia and other parts 
abroad, especially in the United States, where it is oeing 
advantageously introduced. There can be no doubt of the 
efficiency of this system and of its value where judiciously 
applied. 

From railways I almost instinctively turn to the consideration 
of tramways, and proceed to notice what has been done in this 
direction during the year. That has not been much, but the 
little that it is shows progress and indicates the success attend- 
ing the introduction of this mode of conveyance when carried 
out on sound principles. The tramway system, introduced by 
Train, some ten years since, would have succeeded but for 
serious faults of construction. 

The principal lines of tramways constructed during the past 
year are those in Edinburgh, Glasgow, Belfast, Dublin, Cardiff, 
and Birmingham. There have also been extensions of the 
London Street Tramway in the parish of St. Pancras, and of the 
North Metropolitan system in Shoreditch, Kingsland, Old Street 
Road, and to Finsbury Park. The Commercial Road branch of 
the same system has also been opened. It runs from the exist- 
ing line at Whitechapel to the East India Docks. A new line 
of tramway has also been opened from Vauxhall Bridge through 
Kennington Oval to Camberwell Green. It is proposed to 
oontinue this line over VauxhaU Bridge to Pimlico. 

Abroad, lines of tramway are being constructed in Bucharest, 
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Lisbon, Calcutta, and Paris. The Lisbon tramways are of con- 
siderable length, one line of 17 miles running from Lisbon to 
Cintra, and another of 60 miles from Lisbon to Torres Vedras. 
They are to be steam-worked, engines and cars of special con- 
struction being used. The tramway consists of two outer longi- 
tudinal timber ways and a central iron rail. The driving 
wheels of the engine are outside and run upon the timbers, the 
central wheels being double flanged and acting as guides. In 
the carriages the central wheels are the carriers, those outside 
acting as guides to preserve the balance of the carriage, which 
somewhat resembles a bicycle. A locomotive and some of the 
rolling stock have lately been tried in England with very satis- 
factory results. 

The most important event of the past year in connection 
with electric telegraphy was undoubtedly the completion of 
the Australian telegraphs. The establishment of telegraphic 
communication between Great Britain and Australia has long 
been contemplated and desired, and by the accomplishment of 
the fact, one more instance &f spirit and energy, combined with 
indomitable perseverance, has been added to the long list of 
which telegraphic science can boast. The following are the 
details of the telegraphic route from Falmouth to Port Au- 
gusta : 

Miles 

Falmouth to Gibraltar via Lisbon (Cable) 1,250 

Gibraltar to Malta (Cable) 981 

Malta to Alexandria (Cable) 819 

Alexandria to Suez (Overland line) 224 

Suez to Aden (Cable) 1,308 

Aden to Bom l»y 1,664 

Bombay to Madras (Overland) 600 

Madras to Penang (Cable) 1,213 

Penang to Sins;apore (Cable) 301 

Singapore to Batavia (Cable) 560 

Batavia to Bangoewangi (Wire) 480 

Bangoewangi to Port Darwin (Cable) 970 

Port Darwin to Port Augusta (Wire) 1,800 

Port Augusta to Adelaide 212 

Total 12,382 

Lisbon to Falmouth 268 

Total 12,650 

In Queensland it is proposed to devote 60,000?. to the 
purposes of telegraphic extension. It is expected that Brazil 
will be connected by telegraph with Portugal before the 'close 
of 1874. The Baron de Maua, who has done so much for 
South America, is moving in the matter. The extension of the 
telegraph from Graham's Town to Coromandel in New Zealand 
is nearly completed. 
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Telegraphy proE;resse8 in Huaaia, the secood section of the 
4egraph line to Turkestan having been opened in September 
last from Semipolatinak to Surginpol. 

The manufacture of the duplicate French Atlantic and Great 
Western Cables is steadily progressing. 

Tlie Spanish GoTemment nas granted a concession for a 

:ect cable between Baveolona and Italy, and another con- 
iioii has also been granted for a cable between Barcelona and 
igypt. 

These jottings indicate a generally antive condition of tele- 
graphic science, a science the limits of which were not very 
'mg since circumscribed by the walls of a lecture-room, but 
rhich in its practical application has overspread the face of the 
thole earth. 

For aomo years past I have held the opinion that the science 
if Pueumatica, practically applied, is destined to subserve many 
important purposes in connection with engineering. Every 
year almost finds this opinion confirmed in one way or other by 
the actual tests of practice. During the past year two applica- 
tions of the principle haye been successfully worked out, whilst 
in other cases progress has been made. The iirst application I 
would notice is that to the purposes of signalling, which has 
been perfected by Messrs, Homfray and Co. It may be \vithin 
the knowledge of many present that some five years since 
Mr. Wier brought out a .system of signalling on the pneumatic 

1>riuciple. The apparatus worked exceedingly well tor a time, 
mt owing to defects in the constructive details which gradually 
developed themselves the system proved' unsuccessful. By intro- 
ducing a ca,'?t-iron cylinder in place of German silver, corrugated 
chambers for the retention of the air under pressure, and by 
modifying the supply valves, Messrs. Homfray have rendered 
the pneumatic system of signalling a success. The apparatus 
consists of two instruments, a communicator and an indicator, 
connected, at any required distance apart, by means of a number 
of small metal tubes, each communicating with a written signal 
covered by a hinged shutter in the indicator, hut uncovered 
in the communicator. A lever on the latter instrument moved 
and notched up under the signal required to be made causes 
a bell to ring at the indicator end, nncovers the corresponding 
signal, the shutter remaining open until the lever is moved 
from the notch. This system is being applied for steering 
and engine-room signalling on board ship, and as far as can be 
juiiged at present it is one of the most simple and efiective 
means of signalling we have. 

The second application of the pneumatic principle is a very 
special one. It hns been utilized by Messrs. A. Kansome and Co., 
the purpose o£ clearing sawaust and shavings away from 
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wood-working 'machinery. Hoods are placed over, or ftinnel- 
Bbaped receivers under, the various macliines, and these con- 
trivances being connected with tubes in which a strong eshauat 
is produced by meana of a fan, tho shavings or sawdust are 
drawn off from the machines to the fan, beyond which point 
they are forced under pressure to any convenient spot that may 
be desired. The first example of this unique and successful 
method of dealing with the waste of a workshop is to be found 
at the factory of Messrs. Peto Brothers, at Pimlico. 

A matter for notice in connection with the present subject, 
as indicating progress in the application of the pneumatic prin- 
ciple, is the completion, during the past year, of the Pneumatic 
Bispatch Company's tube between their station in Hoibora and 
the GJeneral Post Office. This opens up a route between the 
London and North-West era Bailway at Enston Square and the 
Post Office, and although this means of transit for parcels and 
mail bags, &c., has been proved to be reliable, rapid, and cheap, 
neither the Railway Company nor the Post Office authorities 
have aa yet availed themselves of its services. The Post Office 
authorities, however, have been far wiser in another instance. 
They have adopted a system of pneumatic dispatch in their 
telegraphic department, which, although not a novelty of the 
past year, ia highly interesting in itself The tubes here are of 
small diameter, and so arranged that while the carriers working 
in them are of corresponding small dimensions, and consequently 
require as great power to propel them, their smallness is com- 
pensated for by the rapidity with which they are dispatched 
between the stations. These piston carriers fit the tubes exactly, 
so that no loss of propelling power arises ft'om leakage of air 
past them. The tubes have no terminal points, but each forms 
a closed pneumatic circuit communicating at a central point 
with an air pump. The air thus travels round and round in the 
circuit continually in the same direction, so that on introducing 
a carrier containing telegrams into the tube at the pumping- 
station, it would, if not intercepted at an intermediate point, 
travel completely round the circuit, eventually arriving at the 
pum ping-station whence it started. But this, of course, is not 
the ease, as there are several stations on each circuit at which 
carriers are both received and dis])afched. For this purpose a 
couple of chambers, about 18 inches long, and of the same 
diameter aa the tube, are used, being arranged so as to break 
and restore the continuity of the tube very quickly. Into one of 
these chambers the carrier is inserted, and the act of removing 
the second piece from the tube brings up the first in line with 
the tube, and the carrier with its charge of messages is rapidly 
started on its journey. By means of a movable stop the in- 
coming carriers are prevented from passing the station for 
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!io DccesBftry Bignala f rom one station 
'■' -'nrtiiig and the receipt of tho carriers 

< situated in the building of the 

. ii Street, where there is an engine and 

ijifh series of tubes, and by means of 

ii-iiliiting through them. The carriers 

I- uuiIlt pressure, and brought biick to 

.11 ran gem eat, ^?hich I shoiud mention 

I '. W. Siemens, nnsHcra exceedingly 

ili;.s the transmission of telcgraphie 

. district The principle is now being 

and other large cities in connectiun 

'■.\r fiystera. 

■'L'03 ill a personal retrospect of the 
.'■nt points of its own experience are 
'■']ily themselves till tliey become vastly 
'■■■y were suspected to be at the outset. 
■''N good, but in a far greater degree, 
■ 'if a year of scientific progress. As we 
inportant facta \\hich have faded into 
*iy imd increase upon us so greatly as 
"- I, the length of which we little 
(1 our retrospect. And each link 
ly so import&nt a part in preserving 
that to lay it aside ap|>oars to be 
ig incomplete that which would 
wctually is not, perfect. Even thus 
ird to the address whicli it is my 
>u this evening. 
^- one the leading events of the past 
(1^u^rd thickly and quickly upon my 
full as to render its exhaustion im- 
ling unreasonably upon your patience. 
ime extent have done so already If 
and that is, that the time usually 
« nearly expired, so that I propose, 
briefly to a lew out of many matters 
lives for notice. 

state of the labour market during 
of the fact that the item of labour 
mt in every engineering operation, 
subject will not be deemed out of 
urer is worthy of his hire is a truism 
any other employer of labour would, 
re is such a thing as placing too high 
and this the working man is, unfortu- 
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is valuable, ^H 
)f be availa ^H 



nately, but too apt to do. He knowa that labour is 
and that knowledge ia to him a power whereof 
himself, showing little or no consideration for relative intereefs. 
Nothing will satisfy him but a high advance of wages, he being 
perfectly oblivious to the fact that any advance can bring with 
it but limited advantages. Strikes are infectious, and extend 
very rapidly from one department to another. The result is 
that the labourer finds^to his cost, that although he may obtain 
an increased rate of pay he is not one whit the better off, inas- 
much as bia slight gain is probably more than absorbed by the 
increased cast of me commodities he requires. Beyond this 
there ia the fact that labour has assumed a position of inde- 
pendence, not originally its own, at a most trying period — that 
of active trade. In view of this the obligations of capital will 
probably not be found to extend to the avoidance of short time 
and the reduction of wages when protits are low. In other 
words, the attitude of the labourer in the past has so altered 
the relations of master and servant ae to render it impossible 
that relative interests can be adjusted otherwise than upon 
principle, instead of being regulated by feeling, as formerly tney 
were. The matter is one which has an important bearing njKin 
the future. 

The question of the rise in the price of coal is one uhich has 
pressed heavily upon all during the past year. It still so 
presses, although there can be but little doubt that as the 
means of production have been improved by increased mecha- 
nical application, the influences which have operated to advance 
the price of coal will ultimately be neutralized. 

Whilst on the subject of minerals it may be interesting to 
note that 1872 was the first year in which phosphate of alumina 
has been imported from Canada and the States, about 25,000 
tons having already been received from that quarter. As this 
is a chemical fertilizer of great value it is fast growing into 
favour, and it will doubtless form a very large and important 
item of dommerce in the future. 

I recalled at the outset the memory find services of some of' 
our deceased fellow-workers ; upon ne, their successors, devolves 
the duty of bearing each a part in promoting the great scheme 
'of material progress. Let us remember, then, that (he least 
port, honourably performed, ia equal to the greatest, and let ua 
endeavour so to sliape our ends that our private interests may 
not outweigh those of our profession, nor obscure those whicf 
each one of us ought to feel in the " Society of Engineers." 
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7. That the retarding force be applied throughout the whole 
train instantaneously, and bo capable of beiug increased or , 
diminished at the will of the driver or guard. 

8. That it is necessary that the brake allow of any portion of 
the train being alipped. 

9. That the coupling of carria^ea indiscriminately shall in no I 
way affect the working of the brake. j 

10. That the broke shall be devoid of complicated parts, or I 
any attachments that would easily get out ot order or require 
extreme care on the part of railway servants. 

11. That the application of the brake blocks shall not 1 
attended with pressure on one side of the wheel and axle only, 
and so tend to uneven wear. 

12. That the pressure on all the wheels of a carriage shall be | 
the same, and as an additional precaution against vibration, the i 
brake blocks shall cushion on air, metallic springs, rubber, or some 
other material of an elastic nature. 

13. That the brake apparatus be in no way liable to get out of 
order by sudden atmospheric changes. 

The conclusions at which the author arrived were : — that 
every engine and carriage should be fitted with brake apparatus 
capable of reducing them from a speed of 60 miles per hour to 
a state of rest in a distance not exceeding 220 yards on the level 
in ordinary weather; that a retarding force of 18 per crait. of 
the weight of the train was sufficient to do this ; that cast iron 
was generally more suitable than wood as a material for brake " 
blocks ; and that experiment pointed out that a pressure of 
2^ tons was required to be applied to the caat-iron blocks fitted 
to each of the four wheels of a carriage weighing 10 tons, and 
1 '80 ton if wooden blocks be used in like manner. 

The author would here remark that the descriptions in his 
preceding paper followed one another according to the length 
of time the respective brakes have been on trial in this country ; 
and therefore as he proposes to adopt the same rule in the 
present ease, the next one for notice is the atmospheric brake. 

This brake is commonly known as the Westinghouse air 
brake, being named after the inventor, Mr. Westinghouse, of 
Pittshui^h, United States. It has been introduced practically 
into this country about ten raontlis^and fitted to trains on the 
Caledonian, London and North- Western, Metropolitan District, 
and the London, Chatiiam, and Dover Railways ; and according 
to reliable information appears to be giving satisfaction. That 
this would be the case ia no more than might reasonably have 
been anticipated, owing to the fact that this brake has been 
working successfully for a period of nearly four years in the 
United States of America, and is there fitted, it is believed, to 
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i and 5000 cars, runniog on about 100 
Mlway, including the whole of those of the 
any. From its extensive use then on the 
iltlantic it must be admitted to be one pos- 
e merit, and therefore deserving the careful 
■ (nvil and locomotive engineers entrusted with 
Wxod supervision of railways in this country. 
eof description the author proposes to consider. 
Bent for the compression and storage of the air, 
Kand secondly, its distribution as a retarding force 
a of a train weighing 150 tons, made up of engine 
eighing 50 tons, and ten carri^es weighing 10 tons 
-^ vaen desi^ribiug the hydraulic and chain brakes. 
p2, 3, and 4, Plate 1, snow the brake apparatus: 
Itfisenta elevations and plan of a portion of engine, 
I one carriage ; the air pump and reservoir fixed to 
IB brake cylinders iind other apparatus fitted to the 
I carriages. Fig. 2 represents a section through the 
L air cylinders. Fig. 3, plan and section of steam 
J section taken between it and air cylinder, the hitter 
B arrangement of packing used for the rod connecting 
, Fig, 4 represents longitudinal and transverse sec- 
take cylinder, and the coupling for connecting the 
we between the carriages. 

. iHJ cylinder A, in conjunction with the air cylinder B, 

htiie side of the locomotive as shown, and is 6 inches 

EVnd 10 inches stroke. The admisBioQ and emission of 

Pitaaja is controlled by the motion of the conical valves 

tained in the valve ease G, which are cast in one with the 

I C passing out through the top of the cylinder. Tliis 

I is fitted with an arm D, one end of which carries a stud 

arkiug in a transverse slot made in the end of the piston rod 

'"Uie small steam cylinder B (shown in Fig. 2). The piston 

I of the cylinders A and B is hollow for a portion of its 

ftgth, BO as to admit a rod F, having a collar at each end 

feich is struck by the clip plate shown on the upper side of the 

toD. The movement ol' tlie rod thus occasioned opens and 

tea the valve G, so as to admit steam alternately into each 

I of the cylinder E, thus giving through its piston tod and 

i arm D the required motion to the rocking valves eon- 

" J the case C, A pipe a supplies steam from the boiler 

ider A, and a pipe a' lea<& the exhaust steam to the 

Set screws are provided (as shown in Fig. 2) at the 

per and lower ends of the valve stem C, so that the valves 

•1 be ea^7 adjusted. The exhaust ports of the cylinder E 

I BO plaoed that a small quantity of steam is left in the 

j> 2 
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cylinder at the end of each stroke, wliich forms a cushion and 
prevents noise. 

It will be noticed that the piston rod connecting the two 
pistons is square on plan, this form being adopted as a safe- 
guard against ihe pistons turning during the stroke, and ia 
found, with the effective method of packing iutroduced between 
the cylinders, to answer its purpose in a satisfactory manner. 
The packing is of hemp, kept in its place by glands, which can 
be readily tightened by means of the bolts shown. The holes 
in the cylinder covers tiirough which the rod passes are borod 
cylindrical, but contain recesses into which Babbit metal is run 
BO as to fit the piston rod, The air cylinder B is of the same 
diameter as the steam cylinder, and supplied with air through 
the strainer b. The section valves 6' anil delivery valves b^ are 
ordinary conical valves seated in the air passages leading to the 
upper and lower ports and discharge pipe C, connected with 
the reservoir. It will be observed in Fig. 2 that provision ia 
made for drawing lubricating oil into the cylinder with the in- 
going air, and it should be mentioned that mineral oil ia found 
most suitable, as obviating any difficulty experienced with 
animal and vegetable oils, on accouut of their carbonizing when 
submitted to the high pressure induced while compressing the 
air in the reservoir. 

The author has on several occasions seen this pump forcing 
air into the reservoir against a pressure of 60 lbs. on the square 
inch, at speeds varying from 10 to 6l) strokes per minute, with 
the moat perfect regularity, and thinks that from its exceeding 
compactness and steady working it must be allowed to answer 
the purpose for which it ia designed in a most satisfactory 
manner. By meana of the pipe o the air is conveyed to a 
wrou^ht-iron reservoir, H, fixed uuder the engine, and having a 
capacity of from 12 to 15 cubic feet. This reservoir is provided 
with a safety valve, which is generally set so as to limit the 
pressure of air from 60 to 70 liJs. on the square inch. To allow 
for any slight leakage that may take place through this valve 
or any other portion of the brake apparatus, and also to com- 

Eensate for the lowering of the pressure doe to the loss of heat 
y radiation from the shell of the reservoir, the pump is kept 
continually running at a very slow speed until the brakes are 
applied, when the pressure in the reservoir being reduced, and 
the resistance therefore to the motion of the pistons reduced 
also, tlieir speed, automatically, at once becomes accelerated 
accordingly, but again decreasing until the normal 
the reservoir is attained. 
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We now come to the arrangements provided for the distribu- 
tion of the air stored in the reservoir, throughout the train -■ 
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p motion. From the reservoir H, just 

i to the three-way cock J', placed within 

K driver. A branch of this cock is opea 

) tiie other contiuueB the pipe J to a 

ck, J', placed under the tender, and 

t branches to the duplicate pipes H', H', 

■aoh gas-tubes running throughout the 

i, and continued between them by means 

'led by the ingenious couplinga K 

loupIingB are made to a uniform gauge, 

1 the pi'rts correspond, whichever end of 

1^ The coupling consists of male and 

f Uti the latter is fixed, by means of a clamp, 

hicli are bent at one end so as to lap over a 

E on ft, and hold the two parts sufficiently 

IfltliHtaiid the strain pat upon them by the 

1 also to yield and allow the couplings to 

r any part of the train breaking away. To 

B coupling, notches are made in the ring k, . 

[ that a twist must be given to one of the 

pibing before the springs can be inserted, by 

tlendency to accidental separation is avoided, 

' B tubing to its natural position. The male 

F the coupling are fitted with a valve, the 

t one on another when the joint is made and 

Open, thus ensuring a &ee passage for the air 

_Dle length of the train. If the parts become 

l&y means the valves fall into their seat and 

Bght when the brakes are applied by the 

, the pipe. As a further security against 

ubber ring is inserted in a recess in the 

:, and under it is a small air space coramuni- 

h the interior of the coupling, so that the 

e pipes tends to expand.the rubber ring and 

, tne interior surface of the female part ft", 

(cking which resembles in its ingenuity tlie 

e the hydraulic press a success, 

r pressure to stop the train, a cylinder 8" 

'oke is fixed lo the under side of the framing 

i_ich carriage, these cylinders being connected 

> of air pipes H', H", oy means of the branch 

llTee M. The pistons of the cylinders L are 

, capped leather, containing a metal spring, /', 

to prevent the leather shrinking from the 

be cylinder. The piston rod passes through 

m the cover of the cylinder, into a sleeve or 
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month-piece, ?*, into which the thrust rod P enters and abuta 
s^inst it. By the adoption of this mode of connection the 
brakes are left quite free for application by the ordinary hand 
appliances if necessary. The cover of the opposite end of the 
cylinder to that through which the air from the pipe enters is 
provided with a quarter bend-pipe to allow the atmosphere to 
escape when the piston is beiii^ pushed forward to apply the 
brakes and to admit it while the brake blocks are being released. 
The valve M may be described as an equilibrium valve, its con- 
struction being such as to admit air from the pipes H', H", 
into the cylinder L simultaneously, but if from accident or 
other cause one of these pipes becomes defective, the driver 
may, by turning the three-way cock J^ under the tender, 
isolate it, and at the same time, as will be readily understood 
from the engraving, cause the valve M when the brakes ara 
applied to close itself with considerable force on the india- 
rubber seating provided, and ro render the escape of air to the 
defective pipe almost impossible. 

We now come to the arrangement of gear by whk'h the 
blocks are forced on the wheels ; it should, however, be first 
mentioned that the engravings show the one generally adopted 
for carriages not previously fitted with brake apparatus, as 
being the most simple and efiicient. Where, however, any 
other description of brake is in use, the brake cylinders, &a, 
are adapted accordingly, and the ease with which this can 
generally be done, as m the case of a train on the London and 
Sorth-Western Railway, is, in the author's opinion, of sulBcient 
importance to deserve being mentioned as a speciality of i 
Mr. Weslinghouse's invention. The arrangement of gear ' 
referred to is designed to equalize the pressure exerted on each 
block, however unequally they may wear. To attain this the 
brake shaft is made in two parts, the outer end of each being 
supported by a link hung fi-om the framing of the carriage, 
wijije the- inner ends are carried by a cast-iron bracket also 
fastened to the framing, sufficient play being allowed in the 
boss, so that the outer ends of the anaf^ may swing far enough, 
to take up the maximum wear of the blocks. Each shaft has 
au arm fixed near its inner end, their extremities being con- 
nected by a link, to the centre of which is fastened the thrust 
rod abutting at one end against the piston rod of the cylinder. 
Kear the links carrying the brake shafts, and in line with the 
wheels of the carriage, are fixed the double-headed levers, to 
which again are fastened the thrust rods connecting the cast- 
iron blocks, as shown in the engraving. Those blocks, it sboidd 
be mentioned, are self-adjusting, so as to always exactly fit the 
tires, however much the carriage springs may he affected by 
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The ntunber of strokes to keep iip 60 lbs, per square incli in 
the reservoir is not given in this instance, as exception was 
taken at the time of the safety valve blowing off at that pres- 
sure. If now we accept the law that the pressure of an elastic 
iluid maintained at a constant temperature is proportional to its 
density, we have decrettse of pressure from 60 lbs. due to expan- 
sion of air from reservoir into the cylinders = -YoTsfT = ^^ ^^^* 

per square inch, as compared with 40 lbs. the actual pressure 
obtained, thus showing leakage to some extent. It will perhaps 
be noticed that no consideration has been given to the variation 
of pressure doe to the alteration of the temperature of the air 
during its expausion in the cylinders and pipes. With reference 
to this the author would merely state that he thinks the tem- 
perature of the compressed air in the reservoir may be taken as 
being practically the same as that of the atmosphere ; the heat 
due to the compression being lost by radiation from the large 
surface exposed by the shell of the reservoir. Therefore any 
loss of temperature owing to the slight expansion of the air that 
takes place when the brakes are applied, is at least fully com- 
pensated for by the increased speed of the pump, and the rapid 
absorption of heat due to a large surface exposed by the pipes 
and cylinders. Any calculations embracing this consideration 
would only tend then to complicate the subject without giving 
a corresponding advantage. 

The next series of notes were made on the 12th of last month, 
while making an experimental trip with a train, of engine and 
eight carriages fitted with this brake, running on the Metro- 
politan District Railway between the Mansion House and West 
Bromptou stations : 

1. Length of reservoir = 6 '75 feet. 
Diameter of reservoir = 1 • 60 foot. 

2. Capacity of reservoir = 13 '50 cubic feet. 

3. Diameter of cylinders under carriages = 8 inches area of 

pistons to ditto = 50 square inches. 

4. Length of stroke made by piston rod to apply the brakes. 



I 
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No. 1. Cylinder 5-00 inches. 
„ 2. „ 5-50 
., 3. „ 5-75 
„ 4. „ 6 25 



No. 5, Cylinder 4 ■ 00 inches, 
,6. „ 3-50 „ 
,7. „ 4-00 „ 
, 8. „ 4-50 „ 

Average length of stroke made by each piston = — ~ — = 

4 "80 inches. 
Stroke of air-brake cylinder to engine 10 inches and cubical 
capacity = 600 cubic inches. 
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= 2 • 30 cubic feet. 



eOlbs. to47-501bs. 
47 • 50 lbs. to 40 lbs. 
40 lbs. to 83 '50 lbs. 



2 minutes. 



5. The expansion of the air therefore 

due to the stroke of the pistons, 
pipes, &c ^ 

6. The ratio of capacity of reservoir to \ 

capacity of reservoir plus that due > 13 * 50 : 15 • 80. 
to the pipes and stroke of pistons J 

7. It was observed that air in the 

reservoir was reduced in pressure, 
when the brakes were applied, 
from 

8. That the time required by the pump | 

to raise the pressure from 35 lbs. I 
to 60 lbs. (with 110 lbs. of steam j 

• 9. That the number of single strokes | 

required to keep the pressure at > 3 per minute. 
60 lbs. per square inch, was . . J 

10. That the number of single strokes ] 

required to keep the pressure at I g . . 

40 lbs. per square inch when the | ^ Dtunute. 
brakes are applied J 

11. 110 lbs. of steam-raised pressure from zero to 60 lbs. in 
3 minutes, the gauge registering 35 lbs. pressure at the end of 
1 minute and after 105 single strokes had been made. 

12. 110 lbs. of steam-raised pressure in reservoir from 35 lbs. 
to 50 lbs., with 70 single strokes in 1 minute. 

If we now measure the reductions of pressure recorded in 
Note 7 bv the law of expansion for elastic fluids we shall have 

- = 51*25 lbs. instead of 47*50 lbs. as stated. 



1st. 



2nd. 



3rd. 



15*80 
47*50 X 13*50 

15*80 
40 X 13-50 



= 40 * 60 lbs. instead of 40 lbs. 



15*80 



= 34 * 20 lbs. instead of 33 * 50 lbs. 



We have here then an illustration which shows that the in- 
genious couplings and other apparatus fitted to the carriages act 
with remarkable efiBciency, at least so far as preventing loss of 
power from leakage. The trial trip referred to above was made 
under the ordinary conditions of trafiBc, i. e, stops were made 
at each station, and so far as the author could judge, in distances 
varying from one-half to two-thirds of the length of the train, 
but, it should be stated, without that jerking and vibration so 
frequently experienced on this line. The pressure in the reser- 
voir recorded by the gauge on starting from the Mansion House 
Station was 58 lbs. on the square inch, and that indicated 
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efficiency, because the retarding force is applied to each in pro- 
portion to its weight, we have : 

Area of cylinder piston = 8^ x '7854 = 50 inches. 
Pressure on piston therefore = 50 X 40 = 2000 lbs. 
Pressure on blocks then due to leverage = 2000 X 8 = 
16,000 lbs., or say 7 '20 tons. 

Now 7 * 20 tons is the maximum total pressure to be applied 
to the wheels of a carriage if wood blocks are used ; it is also 
sufficient for cast-iron blocks in wet and foggy weather, when 
the brakes are most needed, but in ordinary weather with '20 
as the coefficient of friction, the distance moved by the train 
after the blocks had gripped the wheels would be as 

9: 7-20:: 220: 283 yards. 

Although it has been stated that this brake is capable of 
exerting all the useful amount of force to stop a train made up 
of engine, tender, and ten carriages as described in the least pos- 
sible distance ; yet we must not overlook the fact that for every 
additional carriage emergency may require coupled to the train, 
to meet the demands of exceptional traffic, the comparative 
power at the command of the driver to reduce the speed of the 
train would be lowered accordingly, owing not only to the 
pressure of the air on the pistons being reduced by the further 
expansion it would have to imdergo to supply the cylinders of 
the extra carriages, but also to the additional time required 
by the air to travel such increase of distance before the blocks 
would bite the wheels with the full force available. On the 
other hand, however, it must be remembered that the require- 
ments of the public are best met by running short and frequent 
trains, rather than long ones at considerable intervals of time. 
If this, and the comparatively slow speed of long trains be con- 
sidered, and also the increase of pressure which may be attained 
in the reservoir if necessary, we may certainly describe this 
brake as one possessing sufficient power, under the conditions 
mentioned, for a train of reasonable length. 

To show this the author introduces the following calculation : 
Suppose five additional carriages be attached to the train and 
the brake blocks to be worn then* maximum distance as before ; 
but the air pressure in the reservoir be raised to 70 lbs. on the 
square inch instead of 60 lbs. In this case we should have 
additional quantity of air required for cylinders = 400 x 5 = 
2000 cubic inches, which, with quantity required for pipes, 
would make, say, 1^ cubic foot. The ratio of expansion then 
would be as 1350 : 13*50 + 4*50 + 150, or as 900 : 1300. 

70 X 9 
.*. Beduction of pressure due to expansion = — ^o — = 48 • 50 lbs. 
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ae compared with the pressure of 45 lbs. as obtained before ; 
tbua showing the efficiency of the brake with a train of fifteen 
carriages, and assuming the whole of the brake blocks to be the 
great distance of 1 inch from tlie tires. The author is tliere- 
fore of opiuion that if the cast-iron blocks were never allowed 
to exceed a distance of fths of an inch from the tires, this 
brake would be capable of affording the maximum amount of 
retarding force to meet any emergency exceptional traffic would 
require. 

The liability of the pump and other apparatus to get out of 
order and so reduce the efficiency of the brake, can ouly be 
obtained by a more extended experience. All machinery, 
however, is more or less liable to accident, and the inventor, 
who appears to have neglected no details, hus met this to some 
extent oy the simple arcangement shown, which enables the 
tender brake to be worked by hand in the usual manner. The 
hand brake may also be applied to the guard's van at the trail 
end of the train, an arrangement the author considers — in this 
case — absolutely necessary. 

Another question inviting discussion is the cost of working 
the pump apparatus, as in the case of the brakes already 
described, the motion of the train is made to retard itself. On 
this point the author considers, from observations he has made, 
that for a train as referred to above the amount of steam con- 
sumed for ordinary stops would be about 12 cubic feet. If we 
now take such an extreme case as would be met with on the 
Metropolitan District Kailway, between the Mansion House and 
West Bromptou stations, where the stops during the day 
number about 350, we shoidd have a consumption of steam 
equal to about 4200 cubic feet, to which would have to be 
added the quantity used while the pump was slowly working 
between the stops, thus making a total of about 50U0 cubic feet 
of steam ; on the cost of producing which I hope our past 
President, Mr. Adams, will give us the benefit of hia opinion. 

A system of signalling is combined with this brake, which 
appears well wortliy of careful attention. No attempt, however, 
is made to describe this apparatus, as the author considers that 
by 80 doing he would be exceeding the limits of his subject. 

To complete hia description of the brake the author has only 
to point out how far it complies with the conditions laid down in 
his previous paper, 

1. The engine driver applies the brakes : this condition is 
complied witn with great simphcity. 

2. A train of reasonable length moving at a velocity of 60 
miles per hour may be brought to a state of rest by this brake 
in ordinary weather, and by a retarding force applied from the 
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engine, in the least possible distance from the time the brake 
blocks press the wheels with the full force available. 

3. This condition is not complied with as the brakes cannot, 
with the present arrangement, be applied from the trail end of the 
train, as well as from tne engine, neither will the brake act auto- 
matically in the case of any portion of the train breaking away. 

4. This condition is fully complied with. 

5. No exertion is required to apply the brakes : this condition 
is fulfilled in the most perfect manner. 

6. The air pipes being in duplicate, this condition is practically 
complied with. 

7. This condition requires the pressure on the blocks to be 
instantaneous. To ascertain how near this brake meets this 
requirement is a problem involving many diflSculties. The 
author, however, has given considerable attention to the question, 
and has found that the average total loss of time due to the air 
having to expand itseK throughout the whole length of the train 
was about two seconds. Not satisfied, however, as to the cor^ 
rectness of his conclusion, he submitted a few days ago the 
problem to Mr. G. Wilson, a gentleman well known through 
the columns of ' Engineering * for the elaborate investigations ne 
has made on the efflux of air. After kindly giving me matter 
careful consideration, Mr. Wilson advised the author to rely 
upon experiment alone, at the same time stating his willingness 
to kindly assist him in the matter. In face of this recommenda- 
tion the author, in justice to the various inventors, sees no 
alternative but to submit to so eminent an authority. If 
therefore the inventor will kindly give his sanction to such 
experiments being made, the author will gladly undertake to 
carry them out. As the driver can regulate the pressure applied, 
the remainder of this condition is therefore complied with. 

8. The excellent arrangement of coupling between the 
carriages may render this condition capable of being complied 
with ; there is, however, some reason to think that considerable 
strain would be thrown on the flexible tubing, sufficient perhaps 
to cause its fracture. 

9. The ends of the carriages may be brought together in- 
discriminately, as each end is fitted with a male and female 
part, so that whichever way the carriages are turned the opposed 
couplings fit each other. 

10. The whole of the apparatus may be considered as devoid 
of complicated parts. 

11. This condition is not complied with, as the brake blocks 
are applied to one side of the wheels only, and therefore tend to 
produce uneven wear. 

12. The pressure put on all the wheels of a carriage by the 
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arrangement ahown ia the same, and by the cushion of air in the 
brake cylinder precaution is ensured against undue vibration. 

13. The brake apparatus is not liable to get out of order trom 
atmospheric change. 

From the above observations it ia seen (hat the atmospheric 
brake comph'es, with but one or two exceptions, with the whole of ' 
the conditions that are considered necessary to be fulfilled by a 
perfect continuous brake. It is therefore one deserving special 
attention irom those authorities who have the safety of the 
trftvelling public in their keeping. 

Our cousins on the other side ol the Atlantic seem determined 
to outstrip us in devising the best means for ensuring as far as 
possible the safety of railway travellers by efficient brake power ; 
for we find the next brake most deserving attention to be one 
invented by Joseph Olmstead, of Chicago, Illinois, United States 
of America, and known as the electro-magnetic brake. 

This brake is now being introduced into England by General 
Chapin, of the United States, from whom it has received several 
improvementa in its details, and such modifications as have been 
necessary to render it more suitable for English rolling stock. 
Chapin's electric brake — that being the name it is known by in 
tliis country — has been fitted to five out of a train of ten 
carriages which have been running for the past three months 
on the North London Railway between the Broad Street and 
BlatJtwtdl stations. As it is very essential for all that an inveo- 
tion likely to be of so great a service to the public as an efficient 
railway brake, should while on probation be subject to as great 
a test of its general efficiency as possible, the author cannot 
but congratulate the inventor on having succeeded in obtaining 
a trial of its merits on the line above mentioned, because the 
wear and tear it will he subject to there could only have been 
equalled in this country by the Metropolitan and the Metropo- 
litan District Railways; so that we may conclude that it it 
stands the test of durability on tijat line, it is capable of meeting 
the requirements of ordinnry trafSc, at least so far as moderate 
train speeds are concerned. It is not difficult to understand 
the many advantages that this kind of brake must possess if it 
can be applied, so &r as the mechanical arrangements are con- 
cerned, in a simple and effective manner, owing to the ease with 
which powerful forces can be generated by electro-magnetism, 
and made to act at considerable distances from tlieir source. 

lu describing the brake apparatus the author proposes, after 
referring to the drawings, to deal first, with the battery and 
keyboard; secondly, the conductors and magnetic clutch; 
thirdly, the arrangement for applying the blocks to the wheels. 
Fig. 5 shows the battery in the guard's van, the arrangement 
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of conductors, magnetic clutch, &c., and the local battery'fitted 
to each carriage ; Fig. 6 is the magnetic clutch ; Fig. 7, the key- 
board now in use. Fig. 8 shows section of keyboard and view 
of coupling. Fig. 9 illustrates the automatic arrangement for 
applying the local battery in case the train breaks away at any 
part. Fig. 10 shows proposed arrangements for applying cast- 
iron brake blocks to each side of the wheels. 

The battery A is fixed in the guard's van at each end of the 
train, and is of the kind generally known as Highton's, which is 
one composed of zinc and carbon, the former being diluted with 
a strong solution of salt and the latter with a weak solution of a 
mixture of sulphuric and nitric acids, and contained respectively 
in a glass cell 6 inches diameter, and a porous cell 4 inches 
diameter, each being about 8 inches deep. This combination 
gives, as is well known, not only a very powerful battery, but also 
one in which the substances used can De procured at compara- 
tively little cost Each battery, as fitted to the train on the North 
London Kailway, is formed of sixteen cells, one being reckoned 
for the main wires and three for each of the five carriages. 
Copper conductors lead to the keyboard, giving battery tension 
equal to eight, twelve, or sixteen cells, the intention being, to 
give to the guard not only the means of applying the brakes 
with a force he may vary as circumstances may require, but also 
to compensate to some extent for the gradual loss of power that 
takes place during the time the battery is kept in operation. As 
soon as the magnetic force becomes insufficient — wnich is found 
to be about once a fortnight — the battery requires the operation 
of cleaning and re-silvering the zinc plates, and an addition of 
the solutions above named, when it is again ready for use, thus 
involving a cost but little more than that due to the labour 
incurred. We next come to the keyboard, which is also fixed 
in the guard's van at each end of the train ; but, as will readily 
be understood, may also be fitted in any convenient position on 
the engine, so as to be within command of the driver. It is con- 
structed of wood about 18 inches long and 12 inches wide, and 
fitted with the brass plates B, C, D, E, F, G, H, and J, and the 
key K. At the back of K are two contact springs L, M, the 
former being connected at its lower end to the key, while its 
upper extremity carries a brass contact faced with silver, bearing 
on the plate B in such position that when the key is moved from 
the off to the on side of the board it will touch in its passage the 
centres of the plates G, E ; the latter contact spring M, which 
is insulated from the key by means of ebonite, is fitted with 
similar contacts at each extremity, so as to touch the plates D, 
F, G, H, and J, when moved over, as just described. 

The zinc and carbon wires are brought from the terminals of 
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the battery to the back of the plates 0, D, respectively, the 
former being alao coimected to the plate H and the latter to 
the plate E, Conductors are alao brought from eight and twelva 
cells of the battery to the plates F and G- respectively; while a 
main wire connected to the plate J passes to the magnets onder 
each carriage, and thence to the similar plate on the keyboard 
at the opposite end of the triiin. A second main wire, which 
brings the galvanometers within the circuit, returns direct 
under the carriages and connects the current with the pins 
carrying the key K in each van. It will be noticed that the 
brass guide for the key is marked R, let, 2nd, 3rd, which denote 
reversed current, eight, twelve, and sixteen cells of battery 
power respectively. To explain the action of the keyboard in 
applying the brakes, let us distinguish the similar contact plates 
and key at the opposite end of the train as B', E', F', J', K', 
&c. ; and suppose the key to be moved so as to be covered by 
the first number or that which denotes eight cells of the battery, 
we then have the circuit closed by the contact springs so that 
the current may pass from the plate E, connected with the 
battery as explained, down the key to its pin and along the 
main wire to the opposite end of the train, here it passes up the 
key K' to the plate B', and thence by means of the contact 
and spring M', along the second main wire to the magnets 
tinder each carriage, finally completing its circuit to the oppo- 
site or zinc pole of the battery through the contact sprin" M, 
eonnectinw the plates F and J. A similar circuit would be 
performed if the key was advanced to the second or third 
number on its guide, and the current increased to twelve or 
sixteen cells accordingly. To release the brake blocks the key ia 
first held momentarily at B before being returned to its normal 
position, so that tlie current is reversed and tlje magnets de- 
magnetized. It should be mentioned that' a galvanometer is 
fixed near ea,ch keyboard, so that the guard at either end may 
know if the brakes are being applied. A line is also provided 
in each van, which may be fixed, if desired, to the key and the 
engine in such manner as to give the driver the means of 
applying the brakes in a case of emergency. 

As a battery and keyboard are fitted in both vans it will 
easily be understood that the brakes may be applied from either 
end of the train. One guard only is therefore needed, as with 
the atmospheric brake, to attend to a train of ten or twelve 
carriages, because he may work his journeys both ways from the 
trail end of the train ; the advantage of which is that when a 
stop ia made at a station he is only required to pass throughout 
the length of the train once to perform his duty in an efficient 
The conductors which connect the magnets and " 
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board, &c, are No. 8, B W G, solid iioa wire, and are coapled 
together between the carriages by means of the simple arrange- 
ment shown at Fig, 8. its coostmction may be described 
as foUowB : The end of the wires to be eoupled are fitted 
with a brass contact, one being circtilar in section and carrying 
four wires, each abont 4 inches in length, which diverge until 
near their extremities, when they are sharply bent in a hook 
form so aa to nearly again meet. The contact on the opposite 
wire is about I^ inch in length, and in section of the form ob- 
tained by cutting away the angles of a square in such manner 
as to make angular grooves, along which, when it is desired to 
make the connection, the four wires above mentioned are made 
to slide until their hooked extremities are free to close over 
the shoulders formed by the contact wire, and complete the 
coupling. 

We have now to describe the magnetic clutch fixed under 
each carriage and the arrangement of gear by which it ap- 
plies the blocks to the wheeb. Keferring to rig. 6, a Is an 
axle of the carriage, b a horizontal shaft 2 inches in diameter, 
having a bearing m the bracket c, loose enough to allow a slight 
amount of lateral play to its opposite end, which is supported 
by the swintriug arm or link d, hung from the framing of the 
carriage ; aajoining this arm is & fusee, upon which is wound a 
chain having its other extremity coDuectea to an arm of a lover 
to be mentioned hereafter. 

On the shaft is placed a loose friction roller e, kept from 
lateral play at one end by a properly secured collar next its boss, 
and at the other by the fixed east-iron disc /, to which is fast- 
ened the ^inch wrought-iron friction plate, and the two electTO- 
magnets/'/'. These magnets are made of soft iron formed as 
shown, and coiled with No. 14 copper wire, weighing 7 Iba. to 
each, while their poles, which pass through the disc/, ore made 
^flAsh with the surface of the friction plate next the roller. A 
I in the roller contains an armature made of J-inch soft 
1 the form of a plate, on the back of which are two pins 
t into corresponding bosses cast on the roller, and thus 
ilO two to rotate together when motion is given to them 
t revolution of tlie carriage axle. End movement is 
1 to the armature so that it may approach the pok-s of 
gbete and friction plates and be in contact witli them 
lue circuit is completed at tlie battery. The main 
. <tfe eonnected to tlie magnets by the following arrange- 
-HilaBh allows the shaft to revolve without twisting them : 
' collar ff having its extremities bound by brass rings 
J a groove, is fixed on the clutch shaft in the position 
, the engraving. In these grooves are placea sadille 
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pieces, which clip the ring's and extend upwards with a Btem^' 
that ia connected to the main wire by means of the terminals, 
supported on a cross-piece connecting the longitudinal and 
diiigonal of the carriage. Along the shaft and protected by 
coils of hemp are taken the two wires from the magnets, one to 
each of the orass rings which encircle the collar g, so that the 
current from the battery may pass from the main wire down one 
of the stems fo the magnets, and return in a similar manner to 
the adjacent terminal, thence along the main wire to the next 
clutch, and so on until the circuit has been completed through- 
out the train. 

It should have been mentioned that the clutch ia protected 
from dust or other foreign matter by means of a wrought-iron 
cover. Under each carnage, and fixed to suitable framing, are 
two levers A, h, in vertical and horizontal positions respectively. 
To the end of the former is attached the -jVinch chain from the 
fusee on the clutch shaft, while another chain is connected to it 
nearer its fulcrum, so as to giye a leverage in the ratio of about 
2J to 1. The opposite end of this chain is joined to the ex- 
tremity of the lever h, having, as will be observed, its fulcrum 
under the centre of the carriage, to which are attached, as 
shown, the tension rods that draw on the brake blocks, so as to 
give a further leverage in the ratio of 4 to 1. . The blocks are 
of wood hung in the usual manner and applied to one side 
of tlie wheels only, so as to tend to draw tnem together. A 
proposed arrangement (Fig, 10) is shown for a series of cast- 
iron blocks on each side of the wheel, but which, as will readily 
be seen, is merely a further application of the principle just 
described, and therefore requires no explanation. 

It will be understood from the drawings and what has already 
been stated, that the application of the brakes is effected simply 
by moving the key in the guard's van, so as to close the circuit 
and admit a current of electricity to the magnets, thus causing 
the armature to be attracted and held in contact with the 
friction plate, thereby communicating the motion of the friction 
roller to the shaft 6, which will then wind up the chain, and 
through the intervention of the levers A, \ apply the brake 
blocks to the wheels. To remove the brakes the current ia 
reversed, and the armature released by demagnetization, when 
the blocks are drawn off by the tension of the springs fastened 
to the headstocks of the carriage, A local battery is provided 
for each carriage, the conductors of which have in their circuit 
the magnetic clutch, and a keyboard fixed on the roof of the 
carriage. The circuit is kept open by means of a line which 
passes under a small pulley — attached to the key of the board 
— to the guard's van at each end of the train, where 
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extremity is loaded with a weight to keep it taut. On tbe train 
parting anywhere the line is broken, when the keys are drawn 
over by means of small springs to the contact plates which com- 
plete tiie circuit and apply the brakes. The keyboard arrange- 
ment is shown at Fig, 9. 

Having explained the construction of the brake, the author 
will now state his views as to the retarding force it is capable 
of offering to a traiti of ten carriages. He would first observe, 
however, that owing to no arrangement being provided for 
applying the apparatus to the engine and tender, it will be 
necessary for them, as in the case of the hydraulic brake, to 
be fitted either with the ordinary hand brake, Webb's steam 
brake, or some other kind equally suitable. If therefore it 
be stated that the electric brake is capable of stopping the 
train under consideration in the least possible distance, such 
statement refers to the carriages only. The author must not, 
however, be understood to inter that the magnetic clutch and 
other apparatus cannot be fitted to the engine, yet he considers 
that, as it would have to be capable of exerting three times the 
amount of retarding force as comfiared with that required for a 
carriage, together with the limited amount of space at the back 
of the fire box for the disposal of the apparatus, he would not 
be jUBlifled, in tiie absence of further details, in taking the 
brake as applied throughout the whole train. 

The first question which presented itself to the author in in- 
Teetigatiug the power of this brake was the approximate 
amount of force required to be applied to the periphery of the 
friction roller so as to cause the armature to slide on the friction 
plate wiien eight, twelve, and sixteen cells of the battery were 
used respetively. To ascertain this, experiments were made 
by windmg a strong line several times round the roUer in such 
manner as not to increase the leverage in a sensible degree, and 
applying without jerking hand force doubled by means of a 
pulley, the pressure being recorded by a carefully-tested steel- 
yard. 

No. 1 Clutch. — (1) Mean force required to be applied at the 
circumference of the friction roller to cause the armature to 
slide on the surface of the friction plate with eight cells — stated 
to have been in use seven days — 224 lbs. (2) Mean force with 
twelve cells, 304 lbs. 

No. 2 Clutch. — (1) Mean force required to be applied to the 

circumference of the friction roller to cause the armature to 

slide on the surface of the friction plate with eight cells, 300 lbs. 

(2) Mean force with twelve cells, 448 Iba. 

^^It will be observed that the force required with sixteen cells 

^^^t given, because not found to be greater than with twelve 

^m E 2 
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cells, although trials were mode with the batteries at both ends 
of the train. Attention ahould also be drawn to the great 
difference in the attractive power of the magnets, as this is a 
question of much importance, as will be shown in considering 
the objections to this brake. If we now take the maximum 
force that may be applied to the periphery of the roller without 
causing the plates to slide on one another, when twelve cells are 
used, to be SJ cwt., we have : Tension on chain connecting 
fusee with the lever h,in the ratio of radius of n>ller to radius of 
fusee and that due to chain, or as 4 to 1 .■. 3^ x 4 = 14 cwt. 
'Ihis pressure is again multiplied by the levers h and ft, 4 X 2^ 
= 10 times .■, total force applied to the four wheels of the 
carriage = 10 x 14 = 140 t^wt. = 7 tons. Now, tlie total 
pressure required to be applied to wooden blocks fitted to the 
wheels of a carriage weighing 10 tons is, with the coefBcieat of 
friction at '25, so as to allow for variation of weather, 7 "20 tons, 
bat in dry weather this variation is reduced to about 5 tons. 
Again, the total pressure required to be applied if cast-iron 
blocks be used is 9 tons, but in wet weather about 7 tons. From 
numerous observations made by the author he can testify to 
this brake being capable of locking all the wheels of a carriage 
weighuig about 9 tons and moving at a velocity of about 
20 miles an hour ; and as Motion is stated by the best autho- 
rities to be practically independent of velocity, we must con- 
sider it, in the absence of further trial, to be capable of 
doing likewise at higher speeds, and stopping the train there- 
fore in the least distance after the blocks had gripped the 
wheels. 

We have now to consider generally the objections which may 
be urged against the arrangement of this brake as now in nee. 
The first one that occurs to the author is that if three cells are 
requisite for one carriage and a battery of thirty for ten car- 
riages, the power to stop would be reduced one-third if excep- 
tional traffic required the addition of five more carriages to the 
length of the train. It is true the locals may be brought into 
action also, but their application requires either the cutting of 
the rope that keeps the circuit open at their keyboards, or the 
lifting of the heavy weight attached to it in the van, either 
being an additional operation occupying too much time in a 
case of emergency. The second objection is the liability of the 
battery being put out of action entirely by one of the glass cells 
breaking from the vibration or concussion of the train ; this 
evil is now receiving the attention of the inventor, and will no 
doubt be overcome. A third objection is the snap given to the 
chains connected to the levers h, k, in applying the 
blocks ; this, however, does not hold good to the same extent 
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Mr. Clark's chain brake, because the fracture of a chain 
disables the apparatus of one carriage only, instead of that of 
the whole train, A fourth objection refers to the pressure on 
all the wheels not being the same. In the arraueements shown 
in Figs. 5 and 10, the levi^r being fitted unJer the centre 
transom of the carriage, requires the blocks always to move 
exactly the same distance ; it therefore follows that if the wear 
of the blocks be nnequal the pi-easure on the wheels will be 
unequal also, to such extent, in fact, as to require tlie rods, &c., 
connected to the lever to be capable of sustaining twice the 
teDBJou that would be put upon them if the force applied waa 
evenly distributed over the four wheels, 

A fifth objection refers to no provision being made for the 
application of the brake to the enrine and tender, because in a 
case of emergeocy it is very possible that the guard and driver 
would not apply their brakes simultaneously, and the train 
"lerefore not stopped in so short a distance as would otherwise 
) the case. It should not bo forgotten that the engine and 
inder together are equal to about half the weight of ten car- 
riages ijlled with passengers, and therefore, if we fit the brake 
to the carrioges only we apply but two-thirds of the retarding 
force we should be capable of exacting if it was adopted 
throughout the whole train. A sixth objection is that the 
armatures and friction plates do not require in each case the 
BBine amount of force applied at the circumference of the friction 
rollers to cause them to slide on one anotlier } differing in fact, 
as shown by the experiments, to the extent of 35 per cent., so 
that in one case we may have a total force of 4^ tons applied to 
the brake blocks of a carriage, and 6 tons to those of another, 
however perfect the keyboard in the vans may eventually be 
mEtde to regulate the power apphed to prevent skidding the 
wheels for ordinary stops. The author would here mention that 
the armatures and friction plates have been reduced from J inch 
thick to f inch, after working for a period of from two-and-a-half 
to three months; he has been informed, however, that the re- 
duction is partially owing to their having been " faced up " on 
Bevetal occasions. That considerable wear must take place may 
reasonably be expected, because the wheels must either be 
skidded or the plates rubbing on one another. 

A seventh objection refers to the transverse pressure that is 
put upon the axle by the roller when the brakes are applied. 
It has already been shown that the maximum tension on the 
chain connecting the fusee with the lever h will be about 14 cwt. 
Now, from the arrangement it will be seen that this will be in- 
creased on the axle iu the ratio of the distance of the roller 
from the bracket c, which acts as a fuicnim, to the distance of 



the fusee from the same point, or as five to seyen about, .'. 

14 X 7 
pressure on the axle = — ^ — = 19 ■ 60 cwt, or nearly one ton. 

To this objection must be added another, viz. the wear of the 
axle due to the friction roller. The autlior ia not prepared to 
eay exactly how much this has been, but he found the diameter 
at this part to be about g inch less than that immediately ad- 
joining it. 

To complete his description of this brake it now only remains 
for the author to point out how far it complies with the condi- 
tions laid down in his first paper : 

(1) Although in the arrangement shown the driver does not 
apply the brakes, yet we must consider the condition capable of 
being compbed with, as the keyboard may be fixed in a conve- 
nient position on the engine. 

(2) A train of any number of carri^es may be stopped by 
the driver in the least distance provided the battery power is 
made up in proportion to the length of the train, and it should 
be mentioned that the length of the train makes no difference 
in time required to apply the brake power throughout. 

(3) The brakes can be applied by the guard from tlie trail 
end of tlie train as well as from the engine, and would act 
automatically by means of the " locals " if train breaks away at 
any part. 

(4) The brake is not fitted to the engine, the remainder of 
this condition complied with. 

(5) The application of the brake requires no exertion on the 
part of either guard or driver. 

(6) Any derangement of the brake apparatus fitted to a 
carriage would not interfere — unless it afl'ected the wires — with 
the action of the brakes on the remaining carriages. Even in 
this case the locals would meet the difficulty for the rest of the 
journey. 

(7) The pressure would be applied to the whole of the blocks 
after the train had travelled 20 yards from the time of com- 
pleting the circuit by the driver or guard. This distance is quite 
independent of the velocity of the train, as the wheels must 
make so many revolutions to wind up the slack of the chain. 

(8) The brakes do not allow of any portion of the train being 
slipped ; the slipping of one or more carriages would, without 
some further arrangement, apply the brakes to both portions of 
the train by means of the local batteries. 

(9) This condition complied with, as the carriages may be 
coupled either end. 

(10) Considering the apparatus generally, it can hardly be 
described as complicated. The arrangement under the carriages. 
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I illastrated, requires, however, impravemeut, as it may un- 
doubtedly be rendered more efScient, 

(11) An arrangement is shown (Fig. 11) for applying the 
' icka to both sides of the wheels ; but it is defective, for if 

s blocks on the leading and trailing wheels wear unequally 
(no provision is made for their aelf-adjustment), the pressures 
therefore will be unequal. 

(12) This condition not complied with for reasons given in 
objection i. Neither is an elastic cushion provided to reduce 
vibration aa much aa possible. 

(13) The apparatus may be considered as not liable to get 
out of order by atmospheric change. 

From the description and above remarks, then, it will be seen 
that the electric brake, in its early experimental stage in this 
country, agrees with most of the conditions that are considered 
necessary to be fulfilled by continuous brakes. In justice to the 
inventor it should also be stated that there is good reason for 
believing that in the further application of this brake the 
apparatus would undergo several alterations that would render 
it still further capable of meeting many of t!ie objections that 
have been raised in this paper, some of which, no doubt, will be 
explained to the meeting by General Chapin. In conclusion, 
then, the author will merely state — without expressing an 
opinion as to the cost of maintenance — that he believes this 
brake may eventually prove a success as far as efficiency is 
concerned. He would therefore ask those interested in the 
question of efficient brake power to give it that special attention 
its merits so fairly deserve. 

Id concluding his paper, the anthor will first refer to the subject 
of cost in fitting the brakes described to a train comprised of 
engine and tender and ten carriages respectively — spreading, 
for the sake of convenience, the total cost over the carriages 
only. Disregarding, then, the chain brake, as it is only applied 
to five or six carriages at most, we have; 

(1) Cost of the hydraulic brake as fitted to the train on the 
Great Eastern Railway, including apparatus in van and every- 
thing requisite — with the exception of brake blocks and applica- 
tion to engine and tender — to make the whole complete, as given 
by Mr. Barker, 250/., or 251. per carriage, 

(2) The cost of tlie atrntspheric brake as fitted on tho 
Metropolitan District Railway — the arrangement for carriages 
to be the same as that shown in the drawings — ^including 
application to engine, tender, and carriages, complete in every 
respect, as given by Mr. King, the representative of the 
Westinghouse Company in this country, 260?., or 261, per 
carriage. 



(3) The coat of the electric brake, as fitted on the North 
London Railway, but not includmg the brake block gear or 
application to engine and tender, as given by General Chapin, 
200?., or 201. per carriage. If due allowance then be made for 
deficiency in the application of some of the above to certain 
portions of the tram, it will be seen that the cost of the 
apparatus in each case wonld be about the same, and that it 
would not be far short of 30?. per carriage, or 300?. for the 
whole train. 

Another question of importance to be referred to is the 
annual cost of maintenance for each kind of brake. On this 
point, however, no reliable information can yet be obtained, for 
two reasons — one, the comparatively short time the brakes have 
been in operation ; the other, because no systematic attempt is 
made by any railway company to ascertain which will give the 
most satisfactory results, either as regards first coat, maintenance, 
or efficiency. The time has now arrived, however, when this 
should be done voluntarily, or compulsion induced by an Act of 
Parliament requiring all trains to be fitted throughout with 
efQcient brake apparatus. It ia only necessary for three or four 
companies with widely different conditions of traffic — such as 
the Great Eastern and North London, or the North-Western 
and Metropolitan District Railways — to have trains composed 
of the same number of carriages fitted with brakes so as to 
eatis^ the respective inventors of the atmospheric, hydraulic, 
and electric systems ; and that in the first place trials should 
be carefully made under the same conditions for the purpose of 
ascertaining which brake could make the most efficient stops. 

By trials the author does not mean the kind one sometimes 
sees and often reads about, where the velocity of the train is 
measured by telegraph posts supposed to be a certain number 
of yards apart, while the distance the stop is made in ia 
calculated in a manner to make one almost believe that Biddera 
are common, but such as when the velocity in the final 300 
yards, before applying the brakes, and the time required to stop 
in would be measured by the chronoscope, the distance stopped 
in properly ascertained, while all the other conditions, eucn as 
same place for experiment, kind of weather, kind of blocks, 
weight of train, and other considerations which affect the 

Siestion, should be carefully attended to. The brakes sbonld 
en be worked as nearly as possible to the same extent, the 
trials repeated ; the effect of each apparatus on the wheels, 
axles, and the motion of the carriages, when applied, observed, 
and every item of cost recorded, ao that in due time we should 
have tangible results which would tell us whether air, water, or 
electricity was the best medium for the transmission of power 
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for our purpose. The absence of such practical information 
must render the question always doubttuly and consequently 
lead to the waste of much money, because it is impossible to 
make a just comparison of the brakes' efficiency when one line, 
like the North- Western, tries the air brake; another, as the 
North London, the electric ; while the Great Eastern, still true 
to itself, shows its affinity for the water. 
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JABEZ CHURCH,, PREBiDBirr, m the 
CONTINUOUS EAILWAY BRAKES. 

DISCUSSIOlf. 

Mr. Gr. Spencer, in opening the discussion said, tbat ( 
form of Mr. Clark's Lrake Lad been omitted from the paper. 
The form which had been described was what Mr. Clark called 
the positive brake, that was one in which the tension of the 
chain put the brake on. He had another form, which had been 
used for about two years on the Metropolitan Railway, and was 
still working there with satisfaction. In that brake the chain 
being loosened the brake went on by leverage. That was what 
Mr. Clark called the negative brake. By that system the third 
condition laid down by Mr. Fox was complied with. Aa 
regarded the question of skidding the wheels, he (the speaker) 
found among practical men a difference of opinion as to 
whether a wheel gave more power when skidded or when 
slightly revolving. He was recently at Manchester with 
Mr. Charles Fay, of the Lancashire and Yorkshire Railway, 
who was one of the first to introduce continuous brakes worked 
by the revolution of a shaft.. Mr. Fay said there was no doubt 
that a wheel slightly revolving gave more power than a wheel 
absolutely skidded. He {Mr. Spencer) did not wish to be 
understood as expressing any opinion himself on the subject, 
but as he thought that it might be aseful to have the views of a 
gentleman of experience like Mr. Fay on that subject, he had 
obtained from Mr. Fay the following letter : 

LaKCASHIBE and ToBKSHIBE EAItWAT, 

Carriage and Wagon Department, 
D&Aa Sib, Miles Platting, Manchester, 1th March, 1873, 

Beferrin^ toonrcouversatioti yesterday, I beg to Btata that about fifteen 
years since I tried some eiperiments with a train of three loaded carriages 
weighing 2T1 toes ss to whether by ekidding or not Bliidding a train could be 

Sulled up in the shorteat itime. The engine being a dialurbing element was 
etached by a slip coupling at a given [loiut and tlie following were the 
lesulta : 

Speed, 60 miles per honr, every wheel skidded; pulled up in 400 yards; 
repeated twice with the same result. 

Speed, 60 miles ptr hour, wheels revolving : pulled np in 240 yards, oi one- 
third less ; repeated twice with the same result. 
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superimenta were tried on the Wakefield and Goole branch, on a 
L portion of the line that viaa a dead level and over the same length of line. 

1 may remark that there are about 200 trains of continuous brakes on this 
company's line, consisting of from four to six carriages coupled up, and that 
no ^in is ever run without one or more sets of tho continuous brakes, aod 
which has beeo the means of preventing niany accidents. 1 also forward 
estntcta from Mr. Fairbairn'a report of experiments, and am. 

Yours respectfully, 
I Q, Spekcek, Esq. Cha'. Fay. 

—These brakes are working csfjularly on lines of heavy i^dienta, the 
BteepeaC of which is on the Oldham branch, being 1 in 27. — C. F, 

Mr. Barker said he wished in the first place to direct the 
attention of the meeting to one or two points in connection 
with the coefficient of friction given by Mr. Fox. He would 
odtetwards endeavonr to answer one or two objections taken from 
the list of requirements of a good brake given by Mr. Fox. 
With regard to the coefficient of friction, he (Mr. Barker) 
bardly thought that " 35 was high enough for wood on iron when 
dry, he shoidd say • 50 or ' 60 would in ordinary practicG be much 
more nearly tho truth, more especially when it was borne in 
mind that on a dry day a considerable quantity of sand was 
taken up with the wheela. From his own observation he should 
say that ' 50 or ■ 60 for wood on iron on a dry day was not too 
high, and "20 on a wet day was not at all too low. According to 
Table C, No. 4, metal on metal, the coefficient given by Profttssor 
Kankinc was increased when wet and clean to what it was when 
dry, viz. when wet "30, when dry '15 and -20 only. According 
to tlieory there did not appear to be more adhesion between the 
cast-iron block and wheel than between the wheel and rail. 

Secondly, with reference to the objections : First, as arranged 
on the Great Eastern Railway, undoubtedly the guard worked 
the brake, but by means of a cord the driver could apply 
it on emergencies; but working from the van was only for 
the convenience of traffic. The hydraulic system required 
four things to actuate the brakes — a tank, an accumulator, a 
pump, and a regulator. There were greater facilities for cany- 
iDg that out on the engine, and moreover, it was so designed 
originally by him. No, 1 requirement, therefore, he thought 
was fulfilled by his (Mr. Barker's) brake, as was also No. 2. 
With regard to No. 3, if the driver worked the brake, then by 
means of a cord the guard could apply it in a case of emergency 
from either end of the train, and for working exceptional 
inclines an auxiliary apparatus might be placed in the van, and 
60 arranged that on a break-away, a cord rnuning along the 
bain coming into tension should apply the brake. Conditions 
" ^'''T. 4 and 5 were fulfilled in his brake ; and with respect to 
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No. 6, a carriage could be isolated by simply turning a cock, 
and nolhing but one of the l-inch hose bursting could disable 
the brake, and the hose could be made with any margin of 
strength. They were made by a process which entirely pre- 
Tented the canvas rotting by capillary attraction, which took 
place with the ordinary kind of tubes. Besides wafer preserved 
rubber, whereas air oxidized and destroyed it. As to condition 
No, 7, the guard or the driver, according to whether the engine 
or the van was fitted with the apparatus, could adjast the pres- 
sure from to 260 lbs. Kequirement No. 8 did not appear to 
be of great importance, since when a carriage was to be stopped 
on a journey, the side chains were dispensed with and a special 
slip coupling fixed. If required, a special coupling might be 
fixed on the hose so aa to slip also, but that would hamly be 
necessary, as it would be more convenient to isolate that carriage 
and allow the guard to work the brakes of that one or more 
carriages so intended to be slipped. Condition No. 9 was ful- 
filled. No. 10 opened the question of complication. In the 
first place, the hydraulic system did away with all the cross 
shafts and levers incidental to an ordinary brake, and substituted 
a simple arrangement. It did away with all injurious strains, 
and gave a perfectly balanced pressure. The air brake accom- 
plished that, but only at the expense of additional levers and 
shaft, &c. An objection might be urged to his (Mr. Barker's) 
employing two cylinders when one might be made to do. 
That, however, would be at the sacrifice of Sie principle involved. 
With regard to complication in the van, the hydraulic 
system, like the atmospheric system, required, with the exception 
of a small tank, an accumulator, a pump, and regulator. On 
the Great Eastern Railway that was placed in the van, where 
it looked more and had two objections, viz. first, iu the case of 
emergencies the driver would only indirectly have the power 
orer it by a cord ; secondly, a special man as inspector would 
be required, whereas the driver on the engine would be his own, 
inspector. Again, the apparatus in the van weighed about 
15 cwt., and extra weight on each carriage incidental to 
breaking 4 cwt., that included everything — taking twelve 
carrit^es; 48 cwt, X 15 cwt. = 63 cwt.; 63 divided among 
twelve carriages gave a little over 5 cwt. each, and that was 
considerably under any other system, Eequirement No. 11 was 
perfectly fulfilled, and the importance of that would be still more 
appreciated in the case of cast-iron blocks, where, as Mr. Fox 
had stated, a force of nearly 2^ tons required to be brought on to 
them when there was only 2^ tons on the wheels to keep them 
in the journal, consequently giving rise to a most aggravated 
state of things. That was overcome in a measure by the air 
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her; but stiU the evil re- 

1. 12, any desirable amount of elasticity might 
f an air vessel. 

, salt water would not freeze until zero, and 

t calcium until 20 below zero, Fahrenheit : chloride 

t about the aame as common salt. The pipes not 

I to the atmosphere the con'osion did not take 

regard to the tensional strain on the axle, Mr. Fox 

1 of that matter. If there were any 

i to it, the two extra cylinders required would 

a about 21. lOs. each. 

said it was seldom that a scientific society had 
aity of listening to a paper containing so much 
BO well expressed with regard to the merits of 
e devices which had been commented upon. It 
B eaid that the inventions had been brought forward 
berested in them, and that was an advantage. The 
e just at the right moment. At the present time 
1 the House of Commons a Government Bill which 
o r^ulate the affairs of railway companies generally ; 
raa m the House of Lords a Select Committee ap- 
wn the motion of Earl iiuckhurst, to inquire into the 
if railway accidents. Although that last Committee 
tempting to deal with the two questions of the block 
[ interlocking points and signals, it was a very fait 
r consideration, in regard to the prevention of acci- 
ii -whether it should not also deal with continuous brakes. 
report so well put before the Houses of Parliament by 
i. Tyler, with regard to the so-called " accidents " that took 
e during the last ten years, showed that 2774 persons were 
i from ISfil to 1871 and Still persons injured. It must 
le forgotten that those returns were by no means complete, 
: previously to November, 1871, railway companies were not 
J to make returns of so-called accidents to their 
He (Wr. King) might very iairly say with the L 
nial that ruilway hoards would be guilty of a very s 

indeed if they neglected to take such precautions as 
e afforded by continuous brakes. 

Itbough the author had put before the meeting a very 
Uent paper, still there were two or three omissions with 
" 1 to the Westinghouse brake ; and in supplying those, he 
Ting) would not say anything about any other brake. 
jBtinghouse brake was the only one largely in use in 
. on long trains, and doing every day satislactory work. 
1 use on about 30,000 miles of railway, on thousands of 
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carriageB aod locomotives in the United States. It was the only 
brake, acting on long and short trains, as to which the coat of 
maintenance was absolutely known. Mr, Fox had said that the 
Westinghouse brake complied with most of the thirteen con- 
ditions laid down as those which must be fulfilled by a perfect 
brake. He had, however, stated as to the 3rd, that the Westing- 
house brake was not so arranged as to enable the guard at the 
tail end of the train to apply it when he wished to do so. In 
practice it was found better to leave the guard with his ordinary 
hand brake ; but if it was wished to give the guard power over 
the continuous brake, it would be a very easy matter to put an 
air reservoir on the tail van. That cylinder would be charged 
from the main reservoir on the locomotive, and in that way 
there would be stored up a power ready to be released should it 
ever be wanted. As to the 7th head, Mr, Fox said very truly, 
that he had some difficulty in ascertaining how long it took to 
bring the brakes into efficient full force action onj the tires of 
the wheels ; and he said that, taking fifteen carriages, he 
thought it would be somewhere about two seconds before they 
came info efficient action. Mr. Fox wished to make the experi- 
ment, and he (Mr, King) would be happy to aflSard liim and 
every member of the Society every opportunity of doing ao. 
He had that day travelled upon the Metropolitan District loco- 
motive to observe how long it took to bring the brakes into 
operation on six carriages. Like Mr, Fox he had some difficulty 
in deciding how to begin ; but at the suggestion of Mr. Simonds, 
who had nad many years' experience with the air brakes in 
America, he went to a very good tell-tale, namely, the pressure 
gauge in connection with the air reservoir. Clearly the time it 
took the pointer or finger of the gauge to travel from the place 
where it first stood — that was the initial pressure — to the place 
where it stopped when the pressure in the reservoir brake 
pipes and cytmder was the same, was the full time taken to 
efficiently brake every wheel. That time, from actual observar 
tion, was only the fraction of a second; he (the speaker) did not 
know of any time measurer which could record it. Aa to the 
11th condition, Mr. Fox spoke of bringing the pressure on both 
sides of the wheel. That was a matter of no moment. Any 
brake power could be arranged with blocks ou one or both sides 
of each carriage, and on one or both sides of each wheel. The 
only disadvantage of having them on one side was the wearing 
away of the bearings ; and that was a very small matter. In 
that respect, however, locomotive superintendents could please 



Having reviewed, and to some extent explained, the objec- 
tions raised by Mr. Fox, Mr. King said th^t not only would 
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the Westingliouse brake fulfil all the thirteen conditions laid 
down, but he would vonture to say it would do more. For 
example, an excellent syatom of signalling between passengers 
and guard and driver could be used wfien the train waa in 
motion. No connection from carriage to carriage other than 
the brake pipes was necessary. It waa sufficient to have a bell- 
poll inaide each carriage, an air reservoir underneath the car- 
riage, and a wire or other connection between the pull and 
reservoir. On pulling the wire a signal would be given both in 
the guard's van and on the engine. As another instance, the 
store of compressed air could be used to raise water. By means 
of a pipe connected with a closed cistem placed in a well, the 
preeeure of air on the surface of the water in the cistera would 
force it np another pipe delivering into the tender tank. That, 
he believed, waa a matter of Tery great importiince, more 
particularly in India, Buseia, and Canada. 

After all, the great points to be looked for in a continuing 
brake were (1) efficiency, ('i) reliability, and (3) amall coat of 
maintenance. The first and second points had been fully 
established in the case of the Westinghouae air brake, as was 
proved by its extensive use. The third — maintenance — might 
be put down at simply the cost of the oil and of the renewal of 
the flexible pipes. The cost of the oil waa not very much ; and 
the cost of renewing the rubber connections from carriage to 
I carriage, giving each one a life of two years, would be a very 
['BDaall matter indeed. The actual cost of those items had been 
practically ascertained, 

Genered Chapin said that the author admitted in the course 

of his paper that the electric brake fulfilled all the requirements 

except the 8th and the 12th. All practical engineers would 

admit that the requirements were very sensibly stated. The 8th 

requirement was that the brake should allow of any portion of 

the train being slipped ; and even with regard to that the author 

had said that the brake could be easily re-established, after the 

aljpping, by means of the local batteries. He (General Chapin) 

Fwoiud ask why the local batteries were ever put in the train if 

fit waa not to exactly meet a case like that. In the case of 

ft break-away, or of the removal of carriages from the train, the 

' rake could be brought into play on eacli portion of the train. 

hat conld be provided for by a cord, but of course there must 

J _B a guard on each end of the train. The three-wire system 

would couple itself up and could be worked witli the keyboard. 

The provisions made for slipping were in practical operation 

in America. Such a provision nad not been introduced on 

the North London Railway, for there they were, in the habit 

■of rumjing trains of ten carriages, and there waa no case of 
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ially adapted to the kind 
of service which the traiDS would have to perform. He had 
himaelf coiiBtautly slipped a train into two pieces without 
touching the hand brake. That met the objection arising from 
the 8th requireraent. 

The 12th requirement was that the pressure on all the wheela 
of a carriage aliould be the same. He readily admitted that 
according to the arrangement which waa shown by the plan, if 
one of the blocks should wear the pressure would not be equal, 
but the inequality would be very slight. The fact waa that tho 
pressure was actually balanced, and practically that waa all that 
waa found necessary. But to combat the objection it would be 
very easy to make the centre where the lever turned with 
a shght variation by giving it half-an-inch play. In a recent 
design not only had he provided for that difficulty, but also for 
the same difficulty which might be said to exist in putting the 
pressure on each side of the wheel and also oq each end of the 
carriage. Mr, Fox had raised several objections to the mechanical 
arrangement of the electric brake.' In tiiat connection he 
(General Cbapin) wished to state simply that, not having had 
the advantage of mechanical experience, he might have made 
some mistakes in the construction, which he would otherwise 
have avoided. The question, however, was whether those 
objections were of any real weight. He would therefore take 
them as they stood and see what they really were. The anther 
Baid, " We have now to consider generally the objections which 
may be argued against the arrangement of this brake as now in 
use. The first one that occurs to the author is that if three 
cells are requisite for one carriage and a battery of thirty for 
ten carriages, the power to stop would be reduced one-thu'd if 
exceptional traffic required the addition of five more carriages to 
the length of the train. It is true the locals may be brought 
into action also, but their application requires either the cutting 
of the rope that keeps tlie circuit open at their keyboarda, or 
the lifting of the heavy weight attached to it in the van, either 
being an additional operation occupying too much time in a 
case of emergency." 

The weight here referred to was heavy enough to take the 
slack of a half-mch rope running over a pulley. It did not 
require a very large amount of labour to lift such a weight, but 
if it was too much for the guard to perform it could very easily 
be accomplished in another way. In America it was originally 
done by means of two lines, and with springs so arranged that 
they did half the work. The cutting of the rope was needless. 
Even if twenty or thirty carriages were added to the traiuj ' 
each carriage carried its o\ra battery power, it waa not necessary 
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3 battery on the engine. Practically, eight or 

for ten carriages, and eo they always carried 

me addition of five or six carriages would Dot 

ITul the working of the local batteriea 

mi objection was the breakage of the cells from 

In the first place, that was an impossibility ; but if 

Efoand that he had not suEBcient brake power he could 

JO as to bring in all the cups he required until he got 

lu order that the objection should hold good all the 

1 have to be broken, and then there would still remain 

^t the other end of the train. If those should fail also, 

1 still remain the local batteries ; unless every cell in 

pwas broken there would still be some battery power 

Srever, as glass was liable to breakage he was now 

me batteries made with leather porous cups and copper 

nese would probably stand any sliock which would arise 

Collision. 

"A third objection," said the author, " is the snap given to 

B chains connected to the levers in applying the brake 

Pipcks." That was simply a question of strei4;th. If a half- 

1 chain was not found strong enough, an inch chain would 

& used. The fourth objection referred to the inequality of the 

%Gsure on the wheels, but that he had already spoken of in 

mneetion with another point. A fifth objection referred to no 

revision being made for the application of the brake to the 

ine and tender. It was easy to see that no such provision 

been made on the North Lonilou Bailway. It would 

Mssitate the pidling of an electric clutch in sixtjr locomotives 

J rein one train. That would be an absurdity which no railway 

jimpany would ever think of committing. A clutch could be 

fppiieA to the engine, and the additional holding power required 

~t consequence of the greater weight of an engine than of a 

uriage could be obtained in tliree ways. More wire could be 

tdded to the magnet ; or another magnet could be added to the 

Bme clutch ; or m the case of a very heavy locomotive a double 

irmature plate could be put on the second. The clutch had 

lever been put on an engine, for it was found that a train could 

» held without it. 

A sixth objection was that the "armatures and friction plates 

BO not require in each case the same amount of force applied at 

'le circumference of the friction rollers to cause them to elide 

a one another." If magnets were of the same size, and were 

round with the same length of wire, their holding powers would 

e alike. But the magnets which Mr. Fox nad tried, got 

Biripped in some places on the voyage from America, and that 

neoeesitated the rewinding of them, and there was not sufficient 
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No. 14 wire obtainable to cover them. Part of tliem wei-a 
wonnd with No. 1-i wire, and part with No. 18 or some other 
size. The wires also were of different lengthy. But as long 
as the magnets were capable of skidding the wheels of the 
carriages to which they were applied, that was all that he con- 
sidered necessary. No doubt there might be a difference of 
35 per cent, between them, but if the weaker magnet was able 
to hold the wbeela, he did not think there was any necessity 
to have its strength 35 per cent, more. The author mentioned 
that the armatures and friction plates bad been reduced from 
i inch thick to f inch, after working for a period of from two 
and a half to three months, and that the reduction was owing to 
their having been faced up on several occasions. He (General 
Chapin) would obaerve that the facing up was necessary for 
perfect working, in order that the armature plat*, which was of 
cast iron, should work against wrought iron. The men who made 
those to which the anthor referred, thinking to improve their 
worMng, put two pieces of cast iron togetlier. The consequence 
was that they cut and required facing, and they had been faced 
twice. The iron was ^ inch tliick, and it was turned down to 
J inch when the clutches were made. Mr. Fox found that they 
had worn away beyond that. He (General Chapin) had seen 
them working for a year and a half without any perceptible 
wear taking place. Mr. Fos, however, was quite right in stating 
that there was wear, for he (the speaker) had never yet found 
that friction failed to wear out iron in a greater or less degree. 
The cost of the plates might possibly be 10s., and if they wore 
a year and a half, the expense was certainly not very large. 

The author next objected to the transverse pressure which 
was put iipon the axle by the roller when the brakes were 
applied. In that connection, he (General Chapin) had only to 
say that the conclusion was not exactly correct. Allowing 
14 cwt. pressure on the chain, the actual pressure would ba 
about 17 cwt. at that point where the tire of the clutch struck 
the axle as now arranged. They were now shaping the axles of 
those they were having made, and were putting them farther 
on one side, m order to get rid of that strain ; although it had 
never been found to weaken the axle or to produce any ill 
effect. 

The paper continued ; " The author is not prepared to say 
exactly now much this has been, but he found the diameter at 
this pjirt to be about I inch less than that immediately adjoining 
it." The fact was that those axles were not perfectly round. 
Moreover, they were made concave. It was necessary to get a 
fiat place for the iron to bear, and therefore they were turned 
down to an even bearing. In conclusion, he woold only eay 
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Bamation into and criticism upon tlie electric 

IEusd, KE., said that there were some few points 
I to Lave been lost eight of in connection with the 
fef api'iiloots. CoatinuouB brakes were mainly used 
TOjjolit.in District for the specific object of stopping a 
£0 shortest possible space, so that the railway might 
1 the omnibus. He did not tliinlt that the question 
revention of accidents had much to do with their use, 
J' all the Metropolitan railways which used continuous 
rorked upon the absolute block system, and hence there 
mparatively small risk of collision between following 
In the country the caae was entirely different. Con- 
f. brakes were very little used in England, though some- 
uoie iu tlie north of England, on the Lanca^re and 
lire line, than elsewhere ; and on that line they were not 
1 for the purpose of a competing traffic between railway 
nd omnibuses, but for the purpose of preventing coUisiona 
1 following trains, when those trains succeeded each other 
irvala of two or three minutes, those intervals bein^ quite 
cdent, without the absolute block system, to provide for 
fety of the public. Oue important point had frequently 
— lught under his notice when he had had occasion to 
snd — as had too frequently happened — the use of con- 
inuous brakes. That point was the effect of dividing trains, 
1 adding to trains at junctions. The breaking np of trains 
it junctions had been the greatest obstacle apparently to the 
general use of continuous brakes. The great objection which 
had been urged was that iu the case of trains running &om 
London to difi'erent parts of the kingdom, there were so many 
junctions where carriages had to be added on or taken off, that 
it was quite impossible to adopt continuous brakes in such trains. 
Hence the experiments which had been recently made vrith the 
electric brake, the iiir brake, the hydraulic, and other brakes, 
did not seem to hare tested those inventions in such a way as 
to prove that they were well adapted for general use in this 
country except on Metropolitan lines. 

Mr. Fos had remarked in his paper that it was absolutely 
necessary that the driver should be the person — and it would 
seem, the sole person — ^to put the continuous brakes into opera- 
tion. He (Coloniil Yolland) must entirely dissent from that 
opinion. From inquiries which he had made into large numbers 
of accidents, he was enabled to state that it frequently happened 
that the guard, or i^ometimes a passenger, was the first person 
irliD became aware of an accident having occurred to a train. 
Henoe be held it to be absolutely essential, with reference to 
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On both ends, and if necessftry in the middle of the train, how- 
ever, there were powerful apparatus, each working the brakes of 
two or three carria^a, and whicli were quite independent of 
each other ; so that if one should break, the others would not be 
affected. The whole were arranged with triggers, and so con- 
nected by a cord that they could be applied instantaneously 
together. While running at St. Petersburg with the directors 
of the railway, he had a handle for pulling the cord between 
hiafeet in the saloon carriage; and at a giyen word from Count 
Earanoff, the President, he pulled the handle and stopped the 
train in twenty seconds without the sfeam being shut off, and 
without saying anything to the guard or driver. It was not 
found at all necessary to apply those brakes to every carriage. 
When apphed to two or three carriages at each end of the 
train and placed under the control of the two guards for 
ordinary traffic, the train could be stopped, in case of danger, 
with ease in from 150 to 200 yards, by either the engine driver, 
the stoker, or either guard. On any addition being made to a 
train, any station master could arrange tbe train with sufScient 
brake power to siut the gradients on that part of the line. The 
expense of fitting brakes to all the carriages in the railway stock 
would be enormous, and therefore it would be impossible to 
carry out such a system. Unless, however, a goods train going 
slowly could be stopped when approaching a crossing in the 
same proportionate space as an expre.ss train going rapidly, it 
would not avail the express train that it had got the most 
powerful brake in the world, if the impetus of the goods train 
could not be checked before fouling the line. 

He had studied Captain Tylers Keports for the last four 
years, and had worked out the details of almost every aucifleut 
that had occnired ; and it was thus easy to determine whether 
an accident might have been prevented or not, and if not, how 
much its effects might have been diminished by adequate brake 
power. Any brake not moved by mechanical power was liable 
to get out of order, and possibly to fail at the critical moment, 
That would be the case with one dependent only on a steam 
cock, an air pump, or an electrical communication. Mecha- 
nical_brakes in which the momentum of the train was properly 
made use of, and so proportional that there was no risk of 
breakage, and which were applied in a proper mechanical way, 
were brakes tiiat could be trusted. He objected to placing his 
j%liole reliance on any single thing, such as a steam pump, a 
ijdiain, or an electric current in descending a steep incline, such 
that on the Poti and Tiflis Kailway, where the gradient was 
40 for five miles. At present there was a large number of 
ial brakeraen there who were solely employed to take the 
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trains down, one being on every carriage. No one, he thought, 
in such a case, would like to Bend those men away and trust 
solely to an air pipe or an electrical communication. The 
reason why Heberlein did away with the coutinuoua chain, 
several years ago, was simply because he found that the slack 
Inquired too long a time to wind up ; and that if the chain 
broke the whole train brakes were useless. He (the speaker) 
hoped that the Heberlein brake would soon have a fair trial in 
England. 

Mr. Fox had asked him to state his experience with cast-steel 
brake blocks. He (Captain Fairholme) could only at present 
Bay that cast-steel brake blocks were being adopted in Switzer- 
land and Germany in large numbers and with the greatest 
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General Chapin said that each railway company must decide 
for itself the amount of brake power which was necessary for its 
traffic. As to the question of " sandwiching " (and there was 
no other word that would express the practice) he bad himself 
sandwiched a train of fifty-six carriages with eight goods wagons 
provided with electrio clutcbea The cords from them ran 
through the keyboard carried on each carriage to the looomo- 
tive ; that gave the driver the control of all the brake power 
of those eight clutches. The control of the clutches might be 
given to the guard or to any man in any part of the train. It was 
one of the qualities of the electric brake that it could be worked 
not only from either end of the train, according to one of 
Mr. Fox's requirements, but also from any seat of any carriaga 
That arrangement was being carried out in America, and ha 
should have it in operation in this country in a couple of 
■"Months. There was no difference in that respect whether the 
take was continuous throughout the train or applied only at 
iter vols. 

Mr. S. W. Johnson, Eiigineer-in-chief of the Great Eastern 

Railway, said that the hydraulic brake was a very good brake, 

and answered all the purposes which he required it to fulfil ; it 

had worked for two years without much repair. On bis line 

" had tried both that brake and Clark's. The latter had 

them a great deal of trouble by the chains breaking, and 

had tried both kinds of Clark's brake. The hydraulic 

:e had given them no trouble, and he believed that it was 

.;eiy to be more generally adopted than it was at present. 

'Mr. C H. Macgie, with the permission of the President, read 

following ' 's; I propose to inquire how far the four 

ams of b mply with Mr, Fox's conditions, taking 

le coiidit' y stand. But before doing bo I would 

attent ox's statement, that should his thirteen 
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HSonditions be fulfilled the system fulfilling them would be 
lerfect. 

'ettiug to the air brake I think that, owinp; to tha 
extended use of the apparatus, it may safely be said that the 
inTeutors have quite mastered the principle and general arrange- 
jneut; and that they are introdut-ing their brake into tnia 

'UntiT without doubt in its very best form. 

With regard to General Cnapin's electrical system the 
xaechanical arrangement is very crude, and, as General Chapin 
hss stated, hia clutch was applied to the chain brake gear on 
the North London Eailway by way of experiment, simply to 
demonstrate the principle, which, I may add, it has done most 
eatisfactorily. 

I have seen, however, another design of gear, besides the two 
before the meeting, which gives an absolutely compensated 
arrangement, both as regards the wheel base and the blocks on 
either aide of the wheel. It is to this system I propose to apply 
Mr, Fox's conditions, 

Mr. Barker's system, I think, admits of no great improvement ; 
I will therefore take that as it is. Of Mr. Clark's chain system 
I will speak of the arrangement of gear as applied to a train on 
the North London Railway. I will now proceed to inquire if 
any of these systems is practically perfect, taking Mr. Fox's 
conditions seriatim. 

Condition No. 1, — The electric and atmospheric are the only 
brakes that comply satisfactorily with this condition ; the former 
baving its keyboard on the engine, and the latter its motive 
power there, Mr, Fox says the hydraulic apparatus can be 
' -^nnected to the engine by means of a cord, but at l;est this is 
a clumsy and imperfect contrivance. 

Condition No. 2. — In this condition Mr. Fox says the brake 
ehould be capable of application, whatever its distance from the 
engine. The electric alone complies, being capable of applica- 
tion over an unlimited length of train. Mr. Fox, in his 
summaries, entirely sets aside his own condition, for of the 
atmospheric ho says, '"a train of reasonable length can be 
brought to a stand, ' &c. ; and of the hydraulic, " the brake can 
be applied to a train of reasonable length." 

Condition No. 3. — Tiiis condition, in my opinion, is not 

compb'ed with by any system but the electric, which can be 

applied from as many points as desired ; and a train fitted with 

^^ la capable of being broken into several portions, the brake 

Jar of which portions will go on automatically. With regard 

" B other systems, in the event of a train breaking away the 
i on the broken portion is not oEily not self-acting but 
olutety useless. 
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Condition No. 4. — The first part of this coiidition is fulfilled 
by rU the Bj'stema ; tbe eeoond part, which in my opinion is the 
loain condition, is fulfilled only by the electric system, as was 
tihowTi in the previous oondition. 

Condition Tso. 5. — This condition is fulfilled perfectly by the 
atmospheric, hydraulic, and electric systems. Mr. Clark's brake, 
however, requires more power to be exerted than any other, but 
not BO much as to render it very objectionable. 

Condition No. 6. — This condition is only fiilfiUed by the 
electric brake. For should a cylinder or reservoir bui-st or leak 
Beverely, or the pump apparatus fail, the whole atmospheric 
brake is either very impotent or absolutely useless. This also 
applies to the hydraulic system; and should the chain in 
Mr. Clark's RVBtcm break, that apparatus is also rendered 
Hflf^letM. Mr. Fox allows that the air brake practically complies 
hnre, Ih^cjiuho the air i)ipes are in duplicate as tliough the 
whole iipnaratus consisted of air pipes alone; but even if 
thi) cylinocrs, reoorvoir, pump, &c., are in duplicate also, still the 
npiiiirutuN has only two chances. 

(>jndition No. 7. — Tliis condition is practically an imnossi- 

hility, and were it even possible it would be a great disadvan- 

ta^o, because the sudden application of the blocks to the wheels 

with tho full force ja almost certain to skid them, and thereby 

low* a large amount of retarding force ; whereas a gradual 

ftppliciitioii, though prompt, will doubtless develop the greatest 

retarding force without tlie liability to skid. I suppose Mr. Fox 

meant Bimultanoously for instantaneously. The electric brake 

gets its blocks into operation quicker than any other system, 

' namely, in 20 yards at tho utmost. It applies them practically, 

flimultaueously, and has also the advantjige of applying them 

gradually. With regai-d to the atmospheric brake, Mr. Fox says 

it takes two seconds to get it into operation, which two seconds 

at BO mUes an hour correspond to 58 yards ; thus reducing the 

officienoy of tlie brake to a stop in 278 yards instead of in 220 

jrurdH. 

I Oniidition No. 8. — This is a vague condition. I suppose 

[ Mp. Fiix iiilciideil tho piece of train slipped should have its 

brill)" H|i[iiiriitiiH perfect; if he did, the electric system appears 

[ til )n> IliK only oiiii complying with the condition. 

Odiiililioii "Nil. D, — 'lliifl is another vague condition. If Mr. 

M''u» whim Im wiyN " cnrriiigi's " means any carriages not fitted 

livilll lliiiiiniiliiiiiiuiM l>riil(i< ii|ipiiratus, I think the electric system 

lugain iiiily nuiiiiilli'r". Tln' npiTatiou being simply to run some 

"ItWil wiruB lliniimh ili-rvmiug caiTiages or goods vans. 

CVntditU'ii Nil- r 'hJM roiidition stauds there may be a 

nvidei'ulili! illlTt 'ipiiiion iis to what complicated parts 
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1. Mr. Fox saya of Mr. Barker's brake, " The apparatus in the 
■Van is much more complicated ; " whereas of the air brake bo 
says, " It may be considered devoid of complicated parta." As far 
as complications are concerned I do not see much difference 
between the two systeuis. The chain brake, however, is very 
simple, and the electric system is also free from com plications. 

Condition No. 11, — This condition is perfectly fulfilled by the 
electric brake where the wheels are absolutely in equilibrium. 
JMr, Fox considers the hydraulic system to fulfil this condition, 
but I think that an axle is capable of division into right and left 
side ; and as Mr. Barker put bis blocks to only one wheel on an 
aixle at the expense of the other, thereby tending to uneven 
wear, I think it can scarcely be allowed that the hydraulic brake 
does fulfil this condition. In the atmospheric and chain brakes 
the wheels are forced apart with the full pressure on the 
blocks. 

Condition No. 12. — I think it would have been as well to 
have left out the second part of this condition, or at least to 
have made it a separate one ; I will however call it 12a. Then 
condition 12 proper is fulfilled by the electric, atmospheric, and 
chain systems. 

The second part, or 12a, is only complied with by the 
hydraulic system, where the brake blocks really abut on 
the water in the cylinders, which ia in communication with the 
sprirg reservoir. But I think, considering the distance this 
elasticity has to travel, it cannot possibly be used. Again, in 
the atmospheric brake there is air at 50 lbs. pressure per square 
inch acting on the blocks at a considerable average, and it is said 
to be elastic. I quite agree that it is elastic, but as long as there 
is no force equal to the elasticity it might just as well be per- 
fectly rigid. Again, this elasticity to be beneficial should aUow 
the springs free play, but when the arrangement of blocks and 
the friction of the axle box against the horn plate, or 2 tons 
_ on 8 square inches, is considered, it will be seen that tins elaa- 
ticity cannot possibly allow the springs any play at all. 

Condition No. 13. — This condition is fulfliied by the electric, 
atmospheric, and chain systems. Mr. Barker's brake beiug 
liable to the action of frost some saline or alcoholic solution ia 
used, and no doubt a very injurious corrosive action will be 
Bet up. 

Having" thus reviewed the various systems, it appears to me 
that there is only one which meets all the requirementa of a 
railway brake, and is therefore practically perfect, and this is the 
electro-magnetic system. Of the others the atmospheric appears 
to meet five condilions only; the hydraulic brake complies 
only three conditions ; and the chain system, five. 
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Mr. Barker asked Mr. Mackie to explain what took place 
when a saline solution or an alcoholic fluid was used in the 
hydraulic brake to prevent the effects of frost. 

Mr. Mackie said it was generally admitted that alcoholic 
or saline solutions in contact with brass, iron, or other such 
metals, set up a corrosive action. He would like to add a 
remark as to the cost of working the atmospheric brake as 
compared with that of working the electric brake. Mr. Fox 
stated that it required 5000 cubic feet of steam at 110 lbs. 
pressure to work the air brake for a day on the Metropolitan 
District Railway. The electric required thirty cells, forming 
the batteries, to work it for a fortnight on a tram on the North 
London Eailway. The cost of the electric system would be 5d. 
a day including labour. The cost of the coal used to raise 
5000 cubic feet of steam at 110 lbs. pressure would amount to 
at least 2s. 6d,, and then there was the cost for oil, packing 
glands, &c. 

Mr. Barker said, with regard to the corrosion which was 
said to be caused by a saline solution, that Mr. Johnson the 
other day had a pipe removed which had been in use, and 
found that no corrosive action had taken place. He (Mr. 
Barker) accounted for that by the fact of the surface in contact 
with the saline solution not being exposed to the atmosphere. 

Mr. William Adams asked whether Mr. Barker usually 
mixed salt or alcohol with the water which was used for his 
brakes, or whether it was only used exceptionally, when 
required. 

Mr. Barker said that during the winter months a semi- 
saturated salt solution was regularly used. The quantity was 
increased to saturation during frost. 
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March 17th, 1873. 

JABEZ CHURCH, President, in the Chair. 

CONTINUOUS EAILWAY BRAKES. 

adjourned discussion. 

Mr. PENDRED,*jin ' resuming the discussion, said that four 
diflferent systems of brakes had been described in Mr. Fox's 
paper, very lucidly and with great impartiality. The impar- 
tiality was apparent from the fact that representatives of all 
the brakes were present, and they had only taken very general 
exception to anything Mr. Fox had stated. Although there 
had been considerable discussion upon the paper, there yet 
remained several points for further elucidation. It should first 
be considered what the inventors of continuous brakes proposed 
to do. It was not suggested that any one of them proposed to 
do more than arrest the revolutions of the wheels of a train. 
They all took the old brake blocks in a form totally unaltered, 
and they had really done little or nothing but devise means by 
which it could be applied simultaneously, or nearly so, to all 
the wheels of a train. Was it then to be assumed that those 
inventions represented the only or the best form which a brake 
could take ? He remembered a proposition made some years 
since to cast an anchor from the tail end of the train and bring 
it up all standing. The inventor was much incensed because 
no company would take up his invention. It was suggested 
that he should apply to the Great Western Company, and his 
answer was very striking. He said, *' I will not go to the Great 
Western Company because they use continuous sleepers. There 
are no cross sleepers, and my anchor would drag without cross 
sleepers to hold it." A very short time ago a gentleman 
brought to him' (Mr. Pendred^ an "improvement on that 
brake. The inventor argued that if he used an anchor in the 
ordinary way, and that anchor held, he should either break the 
rope or the couplings, or pull the tail end out of the train. He 
therefore applied a friction brake to a windlass, and carried 
the coil of rope and the drum in the guard's van. He applied 
the brake very dexterously to the rope, and so pulled the train 
up, or pulled something else up, it did not matter what. That, 
of course, was an absurdity, but at all events the inventor had 
some originality as far as the brake proper was concerned. The 
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He next came to the Westingliouae brake, ftnil he would 
penture to maintain that that brake was the only one of the 
lur whiL'h carried with it a practical evidence of absolute 
|0cces9. He did not for one moment protend that it was 
srfect or free from slight defects, but the Westinghouae brake 
Verted a remarkable claim on their attention, as being the 
boat extensively used continuous brake of which they had 
^eard. It had been alleged to give satisfaction on 7000 miles 
^ railway in the United ytates, and he knew aa a fact that tlie 
JTeetinghouse Brake Company had now at work at Pittsburgh 
t^tory employing 300 hands continuously, who were engaged 
Hi the manufacture of the brakes and pumps. That was a fact 
^ which considerable importance ought to he attached in eati- 
i^ating the val ne of the various brakes which had been described, 
'od deciding whether they were or were not likely to succeed 
B this country. There were possibly other brakes which were 
B good, but the fact that they were so had not come before 
Mlway companies in this ■ country. There was no evidence 
efote the Society that they had been used or tested on ao 
U^ a scale as the Westinghouse brake. Railway men very 
naturally and very properly adhered to precedent, and therefore 
he should say that the Westinghouse brake was the brake for 
railway men to take up, because its history was so satisfectory. 
He now came to Mr. Olmatead'a electrical brake, and he 
approached it with a great deal of hesitation, because he was not 
an electrician. It had been tested, as he understood, on a very 
considerable scale in the United States, but the results of that 
testing the meeting had not had placed before it. Some infor- 
mation aa to what the Olmstead brake had really done in the 
States was very desirable. He had not seen it at work, but it 
appeared to him to combine the effects of Clark's brake, inas- 
much as it used a chain which was liable to snap, with all the 
objectionable features supposed to apply to the use of electricity 
in railway train communicators. As to the electrical part of 
the subject, he should only say that he was afraid that the details 
of wires, couplings, and electrical appliances generally were not 
very suitable for the ordinary class of railway porters. 

In conclusion, Mr. Pendred called attention to the fact that no 
information had been given aa to the cost of maintenance of the 
various brakes, and that, he submitted, was a most important 
pomt. A brake might bo as good as it was possible to make it, 
trat if the cost of maintenance was excessive, or if it was likely 
get out of order and require contioual attention, it was un- 
itable for general work, And it was one thing to use or try 
fti brake or any other invention under the inventor's own eye, 
and another thing to use it extensively under all possible exi- 
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brakes. The hydraulic and atmospheric brakes required a com- 
plicated system of pnmps underneath the carriages aud accu- 
rately fitting couplings, for the efficient maintenance of which 
skillm labour and constant snpervisiou would be necessary, 
whilst for the electrical brake all that was required was s 
galvanic battery and flexible cooductors for connecting the 
vehicles together, the connection between vehicle and veliiclo 
being made by metallic surfaces simply touching one another. 
Carnages were frequently left standing for months in an ex-- 
posed siding, and to meet the exigencies of railway traffic it 
not unfrequently happened that those vehicles were marshalled 
without previous examination. A system which required only 
metallic surfaces to touch one another for the efficient connec- 
tion of the carriages would be more likely to be found in order 
under such conditiona than any system involving pumps, the 
maintenance of stuffing boxes, flexible air, or water-tight cou- 
plings capable of withstanding pressure. He himself had devoted 
many years to the study of electrical science and its practical 
utilization, and he had auccesafnlly applied electricity to rail- 
way trains for the purpose of establishing commuuicatiou 
between the passengers and the servants in charge of the trains. 
The system in which he was interested was fitted to the Royal 
train in which Her Majesty travelled to and from the North in 
1866, and had been in use on that train for six years ; it was also 
tested on an ordinary passenger train, which made two journeys 
in the twenty-four hours between London and Wolverhampton, 
running daily ii50 miles, and continued in use on the train for 
nearly two years, during the whole of which time tlie train was 
started Irom all stations at which it-stopped by means of the elec- 
trical apparatus, the working of which was recorded by the guards. 
In that way the electrical communication was tested, and its 
behaviour recorded twenty-two times daily. Nothing could be 
more satisfactory than the working of this system as shown by 
the guard's journals, whilst the expense of maintenance was 
also nominal. There was no doubt that a most important 
element to ensure the success of an electrical system when 
applied to trains in motion was the coupling which connected 
the vehicles electrically together. He had referred to his 
experience on a train running under the ordinary conditions of 
traffic, to show it was practicable to maintain at a very small 
expense an electrical circuit in railway trains, 

Mr. Clabk said that the chain brake which had been de- 
scribed by Mr, Fox in his paper was that which he (Mr. Clark) 
introduced two years ago on the North-Western Railway, hut 
did not represent the brake in its most recent form. The firet 

ike, however, had answered all the essential requirements, and 
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had fulfilled its pui-pose very well. Five weeks ago he was 
requested by officials of the North- Western Railway to design a 
brake for the maiti line. Tliis he did, and three weeks ago it 
was out with !ialf-a-<lozeQ carriages on trial, running froni Crewe 
to Rugby. The trial having proved satiafactory, an order was 
passed for the stock to be fitted with it. There waa great 
simplicity in its construction, only eight parts being required in 
a brake for a four-wheeled carriage. 

Considering the class of men who had fo couple the trains, 
brakes should be of the most simple construction, and so very 
obvious to the senses that the men cOuld not fail to understand 
them. In case of leakage in an air, water, or electrical brake, 
it waa difficult to discover the defect. The chain brake waa 
applied by the driver from the engine by means of the ordinary 
coinninnicatiou line. Upon that being puUed back a few inches 
the lever inside the van was slipped, and a weight of about 45 lbs. 
dropped about 4 inches, and brought the friction spindle in 
contact with the axle of the van, and that wound up the chain in 
a very short space of time. In the trial to which he had referred 
the speed was 50 or 60 miles an hour, and the train was pulled 
up in fifteen or twenty seconds. They stopped fifteen timea 
on the way, three times with full steam on, and very little time 
waa lost by the stoppages. The wheels were skidded slightly. 
The driver had no power to regulate the pressure applied to tiie 
wheels, but where the greatest effect was required he (Mr. 
Clark) did not stop short of the skidding power. He believed 
that if the wheels skidded at a very higli rate the retarding 
effect was not so great as if they were just allowed to ran. At 
15 or 20 miles an hour the greatest effect was obtained by 
skidding. The new brake could be worked on any number of 
carriages, and the driver could drop the levere of four or six 
vans at pleasure. 

At the last meeting of the Koeiety Mr. Johnson said that his 
(Mr. Clark's) brake had caused him a great deal of trouble on 
the Great Eastern Railway. He (Mr. Clark) admitted the 
fact, but he would remind Mr. Johnson that the brake had not 
been working under his (Mr. Clark's) supervision. Mr. Barker's 
brake, on the contrary, while working on the Great Eastern 
Railway had been under the care of one of Mr. Barker's own 

Mr. Johnson said that he did not wish to detract from the 
merits of Mr. Clark's brake, but he thonght it only fair to state 
that one of Mr. Clark's own men had beeu in charge of it during 
a portion of the time it had been used on the Great Eastern 
Railway. 

Mr, Dbuitt Halpin said that with reference to the question 
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of the power of brakes iu retarding trains, whether the wheels 
were skidded completely or were permitted to revolve slowly ; 
some very careful experiments had been made on the Eastern 
Kailway of France oy throe experimenters, namely, Messrs, 
Tuillemin, Guebhard, and Dieudoniie. They made the trials in 
two different ways : first, by attainuig a known velocity with the 
carriage whose resistance had to be determined; then shutting 
off steam in the case of an engine, and observing the distance 
passed over when tho vehicle had Qome finally to rest. Knowing 
the amount of mechanical work stored up in the vehicle when 
the impelling force ceased, it was easy to arrive at the re- 
sistance overcome during the period the vehicle was coming to 
rest. Secondly, by registering the tractive resistance when the 
engine, vehiele, or train being experimented on was running 
steadily by a dynamometer. The general result was that when 
the wheels were totally skidded the coefficient of friction of 
retardation was 0'128, and for the wheels partially revolving 
it rose to 0'192. Thus the effect was much greater when 
the wheels were slowly revolving. That was the practical cou- 
closion at which the experimenters arrived, and they reasoned 
it out in the following way :— Taking the mechanical work stored 
up in the train to be the same in both cases — and also assuming 
the weight and the velocity to be the same — it was easy to prove 
that the friction must be greater when the wheels were revolving, 
because the mechanical work done in bringing the train to rest 
■was the weight multiplied by the distance travelled, multiplied 
by the coefficient of friction, whatever that might be. As the 
weight was the same and the distance was less, the coefficient 
of motion consequently must be greater. As to the velocities 
attained during those experiments, they varied from 46 to 39 
kilometres per hour; and the retardations ranged from 76(J kilos. 
to 880 kilos, with the wheels skidded. 

In the second series of trials, the velocities varied fi'om 33 to 
64 kilometres ; and the retarding forces ranged from 1030 to 
910 with a given weight of train. The mean of the retarding 
force with the skidded wheels was 817 kilos. ; and the mean 
with the revolving wheels was 1100 kilogrammes. The experi- 
menters accounted for the difference by supposing that as the 
wheels were partially revolving against the rails, a kind of 
detent or ratchet-wheel was formed on the wheel of the vehicle 
which had to be ground off as the wheel passed over the brake 
block ; and thus power was absorbed, 

With regard to continuous brakes, he might mention one 

which had not been brought before the meeting. That was 

i yfty lor'a brake, which was not now before the public ; but tliat 

) due chiefly to the illness of the inventor, It had been 
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Niiyloi'H bruko had i'(^rt4iinly nn advantage over dark's, 

mncli as tlion^ was no |KT(*(^|)til>lt) (*.)iatter or vibration when it 
^vas Kuddenly apidiiMl. T\wy (;oiild not tell when the brake 
was ]nit on. It lind all the olcmcnti) of simplicity, being easy 
to couplo, and if any part of tlio train broke away or became 
detaclied, tiio brake oanio into action automatically. The action 
was negative, that was to say power was required to take the 
brake off; and springs wore used to assist in producing the 
pressure on the brake blocks, and to maintain that pressure 
uniform during the descent of the brake levers. Any number 
of carriages might be coupled together when using that brake 
without impairing its efficiency. 

Mr. J. Bernays said that the conditions laid down by the 
author of the paper were of very great importance for railway 
brakes ; and future inventors would do well to adopt them as 
a btu«is on which to priK»eed. It was therefore desirable that 
thosi* conditions shouKl bo discussed, as thev really formed the 




i\\o engine driver had charge of the motive power of the train, 
it wuH lUM'cssary that he should also have charge of the retarding 
|N)Wcr. Hut tho ilrivor and stoker were really the hardest worked 
nuMi on tlu» train, in fact they were generally supposed to be 
t>vorwt>rk«Hl. Thcro was therefore an objection to more work 
iMMiift thrtnvn ujHm them. He had recently counted the number 
of Iiiindltv4 which had to be attended to by the driver on the 
loot plalo, and ho found that it was twenty-two. In addition, 
(lio drivi'TM had to attend to the signals and the gradients. He 
(hcrdoro (honglit that it was better that the engine driver 
hIiouI ' tli<' intimation to the guard when to apply the brake 

mill He NhouUl have to apply it himself. Ihere wei>^ 
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•, countries where the line was not properly fenced off, 
ud where in cousequenoe cattle browsed on the line. Of 
jtonrse in Buch a case it would be well to let the driver have 
me retarding force at hand. He (Mr. Bernays) should there- 
tore propose that the word " advisable " or " desirable " should 
fe BUMtitnted for " necessary," 

With regard to condition No. 2, Mr. Fox had explained tliat 
% train weighing 150 tons, made up of ten carriages and the 
'poomotive and tender (101) tons and 50 tons respectively), and 
Eoing at 60 miles an hour, could be pulled up within 220 yards 
E all the wheels bad brakes, and he had said that sucb 220 
irda was a perfectly safe distance. He (iMr. Bernays) believed 
lat it was nnnecaisary to give more than sufBeient power to 
mil up in that distance; and to pull up a train going only 
'0 miles an hour it would not require that all the wheels should 
B under brake power. In other words, the above train going 
k only at 30 miles could pull up a further load of about 450 tons 
within the 220 yards. What he meant was, that as 220 yards 
waa a sufficiently short space in which to null up a train, it was 
not needful to have every wheel fitted with a brake if the speed 
travelled was less than 60 miles an hour. Therefore the word 
" desirable " should again be substituted for " necessary " in the 
2nd condition. The 10th condition was, of com-se, the prin- 
cipal one, but he should wish it to be extended by the addition 
of the words, "and if out of order the defect uhall be easily 
detected, and easily remeilied on the road," The 11th rule he 
should like to omit altogether or to have reversed in its 
meaning. The application of the brake blocks ought not to be 
attended with pressure on both sides of the wheel. He believed 
that all the blocks ought to act only on one side of the wheel. 
The wheel and axle were quite independent of the framing 
when they ran, but as soon as the brake was applied, the effect 
waa like that of taking the wheel up with tongs. The wheel 
could not possibly move without transmitting identical motion 
to the carriage frame, and hence arose an unpleasant vibration. 
He believed that in that respect a single brake on one side was 
&r superior, because it allowed the springs to be free to a great 
extent, though, of course, not entirely so. Mr. Fox had laid 
I on the fact that there was a great side strain. This, 
»wever, was not so large as it appeared, for the moment the 
wheels were skidded, the speed of the axle was considerably 
' reduced, and there was a dead pressure only left which did not 
produce much wear. 

With regard to the brakes themselves, as a mechanical 
engineer he should prefer mechanical means for the application 
i a brake, as, for instance, in Clark's brake. He did not mean to 

2 
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gay that that was the best brake, but still he should consider that 
that which was the most simple, most inexpensive, and the most 
easily repaired by the most unskilful men was most likely to be 
Bnccesafiil in the end. So far he therefore preferred the chain 
brake. There were, however, many excelli^nt points in the 
hydraulic brake and the air brake ; and where tliey were con- 
fined to Metropolitan traffic, and were under the attention 
of experienced men, there would be no great objection to them. 
But on country liues it would not be eaay to detect a defect or 
to repair it in those brakes, and therefore the more plainly 
mechanical brakes would best answer in such eases. 

As regarded the hydraulic brake he would ask why a some- 
what similar arrangement of accumulator as in the air brake 
had not been made use of. The idea of using steam for weight- 
ing the accumulator must, or ought to, have occurred to the 
inventor. As to the electric brake, the only real fault he had 
to find with it was the difficulty of finding out where a defect 
lay. He believed that if it became deraujitd on the road, there 
was not one of the attendants who would know how to go about 
even the finding out the seat of the defect. Most electrical 
appliances failed in working through a failure of contact; and 
if there was a want of contact in one single point the whole 
brake would be thrown out of gear. The electrical loom failed 
in practice simply through defective contact. On the other 
hand, the electrical brake had not bad a very long trial, and 
would no doubt undergo improvements in many of ita details. 

General Chapin said that obstructions occurred on railways in 
England which were not due to cattle, and which made it 
necessary to stop a train witliiu 220 yards. Mr. Fox's proposi- 
tion was that it was possible to pull up at 220 yards when going 
60 miles an hour, but he did not assume that it was nerer 
highly desirable to pull up iu a shorter space. Diivers would 
sometimes be glad to pull up in 20 yards. Mr. Eernays had 
objected to the working of the continuous brake being given 
into the charge of the driver. The twenty-two handles which 
had been spoken of were not handles which the driver was con- 
stantly uaiiig on a jouruey. He (General Chapin) considered it 
a great advantage in the Westinghouse brake that the driver 
always had to apply if, for oonstant use would induce such a 
habit on the part of the driver that as soon as he became aware 
of an olratruction his hand would naturally first seek those 
handles which were used in the stopping of a train. Mr. Bemaye 
had spoken of contact in the electne brake. The principle of 
that Drake was that each carriage should carry ita power in 
itself, so that in a train of ten cjirriages if contact failed in nine 
carriagee the brake would still be operative on the remaining 
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carriage. The large battery which was carried on the van, and 
which would properly be carried on the locomotive if the whole 
train was fitted up, was merely a battery of convenience for 
station work, and had nothing at all to do with the batteries of 
safety wliich were the batteries in the separate carriages. It 
was hardly probable that in a train of several carriages contact 
would fail throughout in consequence of any accidental jar or 
breakage. He agreed that if the brake depended entirely on 
the through wires running from the van, it would be open to a 
very grave objection ; and it was to obviate that objection and 
to enable the brake power to be used in any position that the 
battery service was kept up in each carriage. 

Mr. Varley said the act of testing the electrical communicar 
tion throughout a train for the purpose of discovering a defect 
might be reduced to a simple mechanicaJ operation, wliich 
ooald be performed by a man who had no knowledge of 
electricity. 

Mr. Pendbed asked General Chapin what system of cord he 
used for working the brakes, as it would be very desirable in 
this country to get a good system of cords for use in signalling. 

General Chapin said that in America the cars were made 
differently from those used in England, and that fact had caused 
some mechanical difficulties in applying both the Westinghouse 
brake and his own. In some cases two cords were used for the 
electrical brake, and in some cases only one. There was always 
m cord running through the middle of the train, and that was 
connected with the bell ; each carriage carried its own cord. 
When two cords were used for the brake one ran through the 
keyboards on one side to put the brake on, and the other ran 
through the other side parallel to pull it off. The pull-off 
cord was the ordinary signal cord, and this when pulled simply 
polled the bell, it had no effect on the brake whatever; the 
other cord put on the brake. He believed that the brake seen 
by Mr. Fox had only one cord, with a spring on one side of the 
keyboard, with a small weight at one end of the train which 
took the slack between the carriages, so as to keep the cord 
always in tension. There were three or four ways of making 
the contacts. By means of the three-wire system it could be 
done without any cord at all, an extra battery being run with 
each carriage. 
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he did not see the necessity of applying the brake to every 
carriage. 

The third condition, or that which required the brake to be 
applicable from the rear of the train, was desirable in case of a 
break-away, and ought to be carried out if it could be acforn- 
plished by simple means. The electric brake was well qualified 
to fulfil that condition, and the meeting had heard from Mr. 
Barker and Mr. King that their brakes could be so arranged. 
Mr. Clark, who had had great experience in railway brakes, had 
come to the conclusion that it was useless to attempt too much 
in the way of adapting the brake for all emergencies. Mr. 
Clark had evidently kept in view the virtue of simplicity, and 
his new brake was certainly a very great advance on any chain 
brake which he (Mr. Adams) had seen before. The system 
which the London and North-Westem Railway Company 
intended to carry out in their continuous brakes was that of 
grouping them, instead of having all the brakes throughout a 
long train worked from one source of power. They considered 
that practical safety would be obtained if about half-a-dozen 
carriages were grouped together ; and after very mature thought 
they did not regard it as necessary or desirable that for fast- 
running trains the brake power should be used to its full extent. 
In fact he gathered from conversing with their oflScials that 
they thought that for ordinary purposes the guard's brake 
should be mainly relied upon, and the continuous brakes used 
more in cases of emergency. 

All the systems which had been discussed before the present 
meeting, appeared to provide for the brakes being applied 
simtiltHneously but not instantaneously. He should be glad 
to hear the views of the author of the paper as to the instan- 
taneous application of brakes. He thought the author would 
hardly recommend their instantaneous application, although it 
was very desirable that they should act simultaneously, and 
with something like equal force throughout. Even in a case of 
emergency the instantaneous application would be very dan- 
gerous. The condition as to the slipping of carriages was not 
laid down definitely enough to show exactly what was meant. 
All the systems which had been described provided, he believed, 
for the slipping of a train, that was a portion being severed and 
put into a siding. At all events that was the ease with Clark's 
brake and the electric brake. The "coupling of carriages 
indiscriminately" he took to mean that carriages might be 
turned either end and coupled up. That was perfectly prac- 
ticable when the connection of the brakes ran through the 
centre, or when, as in the case of the Westinghouse brake, there 
were two connections. 
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to separate them from the other expenses of rmming the 
carriages. 

General Chapin said that the price which had been stated 
was certainly not intended to include the wear and tear of the 
brake blocks. It referred only to the motive power of the 
brakes. 

Mr. W. Adams said that Clark's brake took no power out of 
the engine imtil it was required. All the brake apparatus was 
perfectly quiet until the moment it was to be applied. A pulley 
was then brought into contact with the brakes on the axle, and 
the momentum began to be taken from the train just at the 
right time. In the electric brake the only power taken from 
the train was what was necessary to keep the friction pulleys in 
motion. Of course that was very slight, and scarcely worth 
mentioning. The holding power was obtained by the electrical 
action, and the motive power from the axle of the carriage. 
The latter power was taken just at the moment when the 
momentum was to be destroyed. In the air brake and the 
hydraulic brake all the power to work them must come out of 
the engine before it was required to apply the brake. That 
was so much useful eflfect taken out of the engine. Clark's 
brake and the electric brake appeared to possess an advantage 
in that respect. 

Mr. Brudenall Carter, on being invited to join in the discus- 
sion, said that he felt some diffidence in so doing as he was not 
an engineer. It had been his business, however, to investigate 
the question of continuous brakes, and the first one he saw was 
that of Mr. Barker. Some time afterwards he saw the Westing- 
house brake, and upon a more recent occasion he saw the 
electric brake. He was much pleased with each of them, and to 
make a selection he then had to push investigation farther in 
order to see if there were any circumstances that could in any 
way guide him to choose among the three. The application of 
continuous brakes on railway trains was the improvement which 
more than any other was now demanded in the interests both of 
passengers and of shareholders, and the question ought to be 
settled at once by such light as we possessed. He had come to 
the conclusion that the retarding power of a train as well as 
the motive power should be at the command of the engine 
driver. Those persons who were in the habit of driving vehicles 
knew that if they were coming upon a sharp turning they 
would not like the power of stopping the horses to be entrusted 
to a footman at the back of the carriage. 

The same principle seemed to apply equally to stopping a 
railway train ; and a careful study of the reports of the Board 
of Trade officials had strengthened his impression in that respect 
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.Vs one element of difference between the three brakes which he 
hsiAi :ut'iiiioiieJ, he found that requirement to be fulfilled only 
hv :hf Wt'siiu^house brake. He had been told that it could 
bi- :ulri:lrd by the two others if certain things were altered; 
I'u; -iii^iiiceis had to deal with accomplished facte ratlier than 
".Aitu: [• 's^^ii'llities. The glaring of the Westinghouse brake 
..c x:<<4;iiy u[vn the engine was a strong point in its favour. 
\: vu:K'r laviiui-uble }H»int was tliat its power was independent 
^; :!:4iU uK'tiou. It seenifd a g«Hxi thing that the power which 
:^t ^u^.d :i tiuiu shimld l>o ah ejctra, and should not be derived, 
.iiiK'i- in accumulation or application, from the train motion 

:ii' U'und uc\t that the three brakes — the pneumatic, hy- 

iiu^Iu*. and cUvtrii' — had l>een in use on three railways, the 

v,\.tuoa:iUi, North London* and Great Eastem, for a sutticient 

■H.i«»-'d oi li^nc to satisfy the authorities that they were all very 

;ov'vi : »»^i ho thou't'oro had evideni*e before him that each of 

jiv»*c oi.ikos. whou it was in ginnl n^pair and carefully attended 

ii« v»o:*!.d siv^p a train admirably. But, after all, he did not 

4UuX ^ci\ luuvh \'f that taoi, inasmuch as instead of receiving 

^ a.: r.at an iuxontion under such circumstances would really 

^.yv»\s *'» unl'aii trial, Uvause it would be used with greater 

^,v ..Ui.:i \\\'uid K» bi»stoweil on ordinary appliances. It would 

L ^»»«» •> t"^* ***^ objiH't o( spofial attention, and unless the new 

^.^»u*..»*' wt4!4 \li^tinitlv worse than the old it would be likely 

/ ',% \»s-- I'ht^ real merit of an invention could not be dis- 

..,,,..%. i -iii'l ^5 had g\»t into the ivgion of ordinary use, and all 

^,x,;»».N»i»Aiiu ssviiooining it had j)i\ssed away. Then came the 

^*,'^ •*;%.> Wsl u sHH^uu'd to hinx that that was a stage which, in 

Y,. xx,»i.»;>, iu\l uot biH'U reached in reference to any of these 

\/ "wi ^vA* KHvusidt^rtnl whether ho could place himself 

entors or their represen- 



'v "wi ^vA* KHvusidt^rtnl whether he 
VsxUV '2Jk ^l^^' Uaudn of the invent 




^- ' .Kvi ^v ^wd »K»nn» distrust of it, notwithstanding what 
»^^^' ^^.^ ^ho luoviourt evening. No doubt electricity, 
'. Sy.^^,^^.^ \^A« VehintI it, was a very manageable force; 
vN vVi^N' hied that agent knew what happened in 
^ ' \.wjk vh\*\ l»»J »P eltK'tric Ih»11s, and what happened 
V " . ^ -. ^A^H^n^^ wnt»n hiid aside tor three weeks. As 
"* A^^^'^TW ^' *^' *'"'*' ^^ ^^ question, " Which of these 
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JlTentions has given its proofs ? " and it appeared to him that 
m this respect there waa a great preponderance of evidence in 
favour of the pneumatic brake. He had heard that it had been 
extensively applied to all kinds of train work in the United 
States, where all enthusiasm as to the invention had passed 

llr. TOMLINSON said that; as a railway man, he took very 

;ieat iaterest in the subject, and he believed that it was one 

1 must be worked out. He had come to the conclusion that 

P-vbatever succeeded aa a continuous or " universal " brake for 

e railways of England must be very simple. He had had the 

[ pleasure of a journey with the Westiaghouae brake, and it was 

I «ertain]y a very admirable contrivance for stopping a train. It, 

Jiowever, involved a very large expense, for it embraced certain 

limechanical appliances which could not be maintained for any 

• Jength of time without cost. As to the electric brake, not being 

&gOod electrician he waa not able to give a decided opinion, 

■ .though it seemed to answer remarkably well in a trial which 

" le witnessed on the North London Ilailway. It was, however, 

needful to consider whether such a delicate contrivance would 

bear the rough usage of a railway, and be ready for immediate 

action after standing out of use for several months, as would be 

the case at certain seasons of the year. The hydraulic brake 

certainly fullilled its obligations in a very admirable way, but, 

I like the Weatinghouse brake, it had attached to it a certain 

\ Amount of mechanical accessories wbich it would he expensive to 

I .xaaintain. It had an advantage over the Westinghouse brake, 

I inaomuch as a very small leak in a pipe or connection of the 

I latter would render the brake useless il the train were brought to 

HBtandforany length of time on an incline, while in the hydraulic 

I brake the same amount of leakage would be much longer in show- 

I ing itself. It was a great advantage that there was pressure on 

L^iwth sides alike, as this would avoid any canting in the box or 

rear of tlie axle bar. 

He now came 'to Clark's brake, for which his railway had 
jeen the training ground. All the schemes which that gmtle- 
1 had adopted from the befjinning to the end, until the last, 
been tried there. Mr. CUrk was now asking him to try 
^jain, and he believed that Mr. Clark's last effort was infinitely 
^perior to all his previous ones. It had one advantage which 
^^d not yet been touched upon, and that was that it was what 
|b (the speaker) would call a " fulcrum " brake. Some one had 
kid that Clark's brake cost yearly 50 per cent, of the original 
(Otlay to maintain it, That seemed to be an extraordinary 
lult which did not at all agree witli his own practice. The 
f expense was in brake blocks. They might put on a power 
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to skid the wheels, and so save the blocks, but it would be at 
the expense of the raiia and tires ; and it was better to pay for 
blocks than for tirna. His railway was the only one which had 
yet managed to wear out a steel rail. The life of a steel rail of 
a l^th-inch head was only about two years. He could produce 
one which had worn down to |tbs of an inch. That was the 
effect of skidding the wheels. Tliey wanted a brake which 
would affect every wheel of the train without picking up the 
wheel. If they could only retard the train in that manner they 
would have arrived at the deBideratnni, His own experience 
was that if tha train had anything like speed on, and the wheels 
were skidded, there was no brake at all. He had found in 
going down an incline on tlie Taff Vule line tlist npon applying 
as many brakes as possible and skidding the wheels, the wheels 
were picked up and the speed of the train began to increase. 
He then opened the regulator, and gave the engine power (o 
grind the brakes. The wheels were then just able to bite and 
hold the rail. That was a proof that a skidded wheel was not 
80 effective in retarding a train as a wheel slightly revolving. 

Mr. Clark said that General Gbapin in drawing a parallel 
between his own biake and that invented by him (Mr. ClarkV 
had made the mistake of selecting that form of the latter whicii 
had recently been superseded. In justice to the subject General 
Cliapin ought to have confined himself to the brake which bad 
been described in the paper, and which bad shown very favour- 
able results. TIjat brake secured the advantage to which 
Mr. Tomlinson bad alluded in speaking of a fulcrum brake, 
Every part of the cliain was equally tight, and pressed all the 
blocks equally, and the whole was applied by the tension of one 
chain. As the power was regulated by a weight it might be 
much or little, as desired, 

Mr. George Allen said that in the case of any system of 
brakes which depended upon friction there must necessarily be 
a great deteriorating element at work if dirt of any kind pene- 
trated. Mr. Bobertson, the inventor of frictional gearing, after 
many years' experience had found it necessary to abandon it. 
He had found that there was nothing so uncertain in practice, 
though it was a very beautiful theory. Every time it was in 
operation it was deteriorating ; and when such gearing waa 
under the bottom of a railway carriage no one could know what 
would arise to interfere with its effective action. Sand and 
other substances would insinuate themselves, and so grind the 
surfaces aa to cause excessive wear. The electric brake in tbat 
particular was essentially a frictional brake. No matter how 
effective the electricity might be as a motive power, the means 
by which the brake was put into operation were defective. 
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Clark's brake and even the hydraulic brake were superior to 
the electric in that respect. Moreover, although the electric 
brake had been some eight years before the public, it had not 
progressed in public favour, and he believed the reason was 
that there were no means of regulating its force. General 
Chapin's invention had for its object the graduation of the 
power, that being absent from the original brake; but even 
with that improvement the brake contained elements which 
were altogether inconsistent with the diminution of wear and 
tear as compared with other brakes. 

The working of brakes in the United States 'by means of a 
rope or chain had been carried out more effectively than in this 
country. Here, certainly, it had been a dead failure. In this 
country we had tried to do too much with the cord ; but even 
in America the electric brake, whatever its merits, had not 
been appreciated by railway engineers. If there were any 
merits in it to justify its use, its adoption by American engineers 
would assuredly have followed. Again, the attempt to pull up 
a train by the instantaneous action of the brakes was a mistake. 
Engineers knew very well the effect of the sudden stoppage of 
any piece of machinery, and they could judge of its effect upon 
a train going at, say, 60 miles an hour. With the exception of 
the Westinghouse brake, all the brakes he was acquainted with 
were of an inflexible character, that was to say, they had no 
means of cushioning themselves, or of taking up the resistance 
in a gentle manner. Mr, Adams had said that he did not quite 
see how the elastic medium in the air brake, not being applied 
directly to the brake blocks, could possibly soften or cushion 
the pressure. It was clear, however, that if the cushion was 
applied at the end of the lever, it must be just as effective as 
if it was applied on the brake block. The resistance or strain 
must be taKcn up somewhere, and in the case of the Westing- 
house brake the strain delivered itself in the air cylinder under 
the carriage. In no case was that feature brought out in the 
other brakes, although it effected a saving both in the wear 
of the vehicle and in that of the brake. The cost of the electric 
brake was stated as 4^d. per day for battery power. That was 
certainly a low cost, but the brake was a frictional one, and 
firictional surfaces had proved a failure in this country because 
of the cost of maintaining them ; and hence in the course of a 
few years the cost of the electric brake would become excessive, 
and too great to justify the adoption of the brake even in every 
alternate carriage. Besides the wear and tear of the frictional 
surfiaces, there were journals and bearings to be oiled. It had 
been said that the Westinghouse brake cost 2s. 6d, a day. He 
believed, however, that that was a fallacy, and that a great 
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nnmber o£ engineers who were naing it could be produced who 
would say that the cost was nothing. The teat was not the 
quantity of steam used by the brake, but the additional quantity 
of coal served out in couaequenee of the brake. No naan who 
had had the Westinghouae brake under his control had been 
under the necesaity of calling for additional fuel. In fact if the 
question came to be investigated it might probably be found 
tnat the brake caused an economy of tlie fuel. It enabled a 
train to be run up to its speed into a station, and then slopped 
with great certainty, the surplus steam being used for the air 
pump of the brake instead of being blown off. At the same 
time, the stoppages did not require to be so gradual, and in 
consequence time could be saved on the journey. It was a fact 
that upon a Hue of 148 miles the introduction of the Westing- 
house brake saved twenty minutes of time on the journey. 
Such a saving of time meant also a saving of fuel. 

He agreed with the opinion that wlieels which were just 
permitted to revolve miwt be more effective in their b«ike 
action than skidded wheels. In any inflexible brake systeni 
there was always the risk of skidding. The air brake was there- 
fore the only brake independent of that tendency. He had 
been told that on two occasions complaints had been made by 
the passengers as to the vibration produced by the hydraulic 
brake. That effect might not be due to a fault of the brake 
itself, but to the want of considerateness on Ihe part of the 
driver in putting it on. But still the possibility of such an 
effect was certainly not in favour of the brake. 

Mr. Mackib said that it had been stated that the Westing- 
house brake used steam which otherwise would be blown off 
every time tiie engine came into a station. His experience as 
a passenger on the Metropolitan Railway was that the engines, 
after having condensed from the Mansiim House to King's Crces, 
came very much short of their blowing-off pressure. It there- 
fore appeared to Iiim that on that line at least the cost of steam 
had to oe taken into consideration. 

Mr. Babkek then read the following remarks: Having been 

f resent during the previous discussions on this important subject, 
have noted down some facts in connection therewith, baaed 
upon my own experience. In the first place with regard to the 
skidding of the wheels the letter read oy Mr. Spencer is most 
interesting, but, notwithstanding that it comes I'rom so high an 
authority as Mr. Fay, it appears an anomaly. I think it will 
be generally allowed that supposing the wheels did give a 
higher percentage of retarding power just revolving, yet taking 
into account the exceedingly varying character of the adhesion 
of the wheels on the rails, in a case of emergency the only safe 
and wise plan is to stop the wheels immediately. 
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If the adhesion of wheel and rails was constant, and it was 
really found that the maximum retarding power was just below 
the skidding point, then I should say by all means regulate the 
brakes so that no more power might be applied. If this is 
good for continuous brakes it will be the same for hand brakes, 
and the power a man can apply should be regulated accord- 
ingly. But it is not so, the adhesion varies from "089 to '268; 
if a man could only apply just enough power with a hand brake 
to allow the wheels to rotate it would be a very ineflBcient one 
in practice, and it will always be found that the argument in 
fftvour of the wheel just revolving is always put forward when 
there has been a want of power and a diflSculty in obtaining 
sufficient to ensure the picking up the wheels in all weather. 

Another point raised was the corrosion of the metal tubes 
through the employment of a saline fluid. It is unnecessary for 
me to say anything with regard to this, as Mr. Johnson has 
stated that the pipes show no sign of corrosion. There has 
been some question as to the degree of frost that would disable 
the hydraulic brake ; there ought to be none, owing to the 
simple fact that a saturated solution of common salt does not 
freeze until zero Fahrenheit is reached. Chloride of calcium 
and water will not freeze until 20° Fahrenheit below zero is 
reached. As regards cost, the hydraulic brake consumes a 

fallen of water per day per train, and with salt it costs, say, 
d. per day. Cfiiloride of calcium I should employ only in 
colder climates than England. 

Mr. Pendred, after stating the favourable results he had wit- 
nessed with the hydraulic brake on the Great Eastern Railway, 
said that an accumulator capacious enough to work a train of 
ordinary length would have to be very large. This is not so, as 
in the Loughton train of twelve carriHges. the accumulator occu- 
pies less space than that in the Victoria Park train. Another 
point was the speed of the pump ; the pump is s|:)ecially con- 
structed to resist such high speeds, and two years' working show 
no evil arising therefrom with trains so fitted. This is not a 
necessary part of the hydraulic brake, as a steam donkey-pump 
if the accumulator is fixed on the engine would enable it to be 
dispensed with. 

The following statistics respecting the working of the hy- 
draulic brake may perhaps be interesting : The Hackney Wick 
train, working 500 days, made 128,000 stoppages, and travelled 
50,000 miles. The Lioughton train, working ten months, made 
20,000 stoppages, and has run 30,000 miles. An experiment 
was made with the Hackney Wick train, which, when running 
at 65 miles per hour was stopped in 153 yards ; the wheels were 
purposely all instantly skidded. According to the theory of 
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allowing the wheels to slightly revolve, the train ought 
stopped in a length of 100 yards, which I do not believe if 
Bible. Next with regard to maintenance, which is stated to be 
2s. Qd, per day for the atmospheric, and 4^. per day for the 
electric, brake. According to this mode of calculating, takii^ 
the cost of water, salt, oil, &e., I find the hydraulic will not 
coat more than Id. per day, not that I attach much importance 
to this, since I believe where one brake has been shown to be 
cheaper than another, the additional renewals of tires ought 
to be taken into account, ae the brake which permits of the 
quickest stoppages with the least injury to the tires, framing, 
axle, guards, and rolling stock generally, will quickly prove 
itself tlie most economical and will he most favourably received 
by railway engineers, provided that it can also be relied upon in 
action, which is of the first and main importance. A continuous 
brake ought to be considerably less liable to fail than the engine, 
since its failure might lead to much more serious consequences 
than that of an engine. If reliable the amount of saving, 
directly and indirectly, as regards maintenance, time, and 
absence of damages, will quickly repay the outlay for the brake. 

Hitherto I have had as an attendant a guard on the Great 
Eastern Railway, who has been responsible to me while the 
brake was going through the experimental stage. When the 
company take over the five trains, which are now being fitted 
up, a man will be appointed by the company to take charge of 
them. All continuous brakes must undouotedly be pi-operly 
inspected and more carefully watched tiian an ordinary brake. 
If a hand brake fails it is not of much importance, but if a con- 
tinuous brake is out of order, the result may at the least lead 
to great inconvenience. 

With regard to Clark's latest design and Naylor's brake, in 
both these the amount of force on the brake cannot be regu- 
lated, nor can the brake be put ou hai-d or soft according to the 
requirements of the case. This ia not a correct principle and 
would not be tolerated with the hand brake. The objection to 
the blocks being applied on both sides might hold good if 
the blocks were held together by a rigid rod. But they are at 
liberty to move out aud iu as they are with the hydraulic brake, 
and allow the springs to act aud at the same time prevent the 
axle being forced out of the journal, and the axle oox against 
the axle guard. This liberty of the axle boxes to play would 
be still further improved by hanging the blocks on a centre like 
the cast-iron blocks, when, I believe, the action as regards the 
Bprings would be, for all practical purposes, with the hanging 
nap brake as perfect as the slide brake when the bar is fixed 
to the axle box. 
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R?he first requirement of a perfect brake, I would submit, is 
t its rapid instantaneous application eboiild bring no sudden 
liiiB on the framing or axle guards. The second is that the 
^.ussure should be balanced so aa not to affect the journals or 
axle guards. The third, that the application of the pressure 
ehould be capable of even nicer adiiistment than the liand 
brake. Tlie fourth, that there should be the least possible 
weight under each carriage, and I contend that the hydraulic 
system fulfils all these conditions perfectly. I am about fitting 
Dp one of the Great Eastern Railway tauk engines with the 
hydraulic brake, and an exceedingly simple arrangement will 
give me all the power I require. A steam donkey-pnmp will 
store up the force necessary to give the same mechanical effect 
or apply the brakes with the same degree of force where water 
is tlie medium and with less expenditure of steam, consequently 
with leas expense for fuel than where air is employed to trans- 
mit the power. 

Mr. Fox then read the following reply : In replying upon 
tUe numerous points that have been raised during the discus- 
sions I feel that I have a somewhat onerous duty before me, 
but 1 shall endeavour to discharge that duty to the best of my 
ability, and I trust to the satisfaction of those to whom I have 
to reply. 

The first remarks I have to deal with are those made by 
Mr. Spencer, who stated that I did not describe Mr. Clark's 
brake fully. The drawings and descriptions of the various 
brakes laid before the Society were all submitted to the respec-" 
tive inventors. Mr, Clark stated at the time that the arrange- 
ment shown was the simplest and best that he had brought out. 
Mr. Spencer next referred to skidding the wheels, stating that 
it was a question with engineers as to whether a train could be 
stopped more quickly by allowing the wheels to revolve during 
the whole time the retarding power was being applied or not. 
He read a letter from Mr, Fay, giving the results of two experi- 
meuts on the subject. In one, the train with all the wheela 
skidded was stopped in 400 yards, when moving at a velocity of 
60 miles au hour; the other indicated that it could be stopped 
in 240 yards if the wheels were allowed to keep revolving while 
the retarding power was being applied. In the absence of 
ftirther experiment I agree with Colonel Yolland on this point, 
I because it is necessary for the maximum amount of force to be 
i applied to skid the wheels, therefore it is only fair to assume 
L fchpra must be more resistance thrown out to the motion of the 
an if the wheels were allowed to continue revolving 
's being brought to a stop, 
jker stated that he did not consider my coefficient of 
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friction for wood blocks in dry weather high enough. I 
admit that I Btated the coefficient rather under the mark, pre- 
ferring to err a little on the right eide. In tie experimenta 
recorded in Table D, the coefficient in one instance only reached 
as high as '40. The question, however, is one wliich requires 
further attention. Mr, Barker next refers to the conditions the 
hydraulic brake complies with, and states he meets the require- 
ments of the first absolutely. I would merely mention that 
Mr. Barker is about fitting his apparatus complete in every 
respect on an engine of the Great Lastern Railway. To answer 
the rest of his remarks as to fulfilling the conditions would he 
merely to repeat what I have already said in my description of 
tliis brake. One point, however, deserves notice, and that is 
that the inventor has applied an air vessel to steady the hand 
of the pressure gauge, which vibrated very considerably, and it 
has been found incidentally to improve the easy working of the 
brake. 

The next remarks for consideration are those on the Weat- 
inghouse brake, whic-h were made by Mr. King, who stated that 
a reservoir placed at the rear end of the train would arrange 
for applying the brakes automatically, and also allow the guard 
to apply them from that end if necessary. With this I cannot 
agree. A reservoir placed at the rear end of t!ie train would 
not afford automatic action unless an airangement was also 
provided for allowing the compressed air to escape into the 
cylinders when the train parted. To keep the reservoir always 
charged with air bv the apparatus on the engine would pro- 
bably be a continual source of trouble ; while a fatal objection 
would be raised to this proposition if carriages were required 
to be added or detached during the journey. The next state- 
ment made by Mr. King calling for remark is with reference 
to loss of time in getting the whole of the brakes into action. 
On this point I can see no reason to change my opinion that 
an average loss of two seconds would take place in applying 
the whole of the brakes to a train of engine, tender, and ten 
carriages, as stated. The observations made by Mr. King were 
on a short train requiring but about one-half the quantity of 
air to apply the bloclcs as in the case mentioned by me. Again, 
as air is highly elastic it does not follow that immediately 
the blocks move on to the wheels at the far end of the 
train the full pressure is applied throughout, as in the case of 
the hydraulic brake ; because when the expansion of the air has 
taken place to the extent of giving only 5 Ihs. pressure in the 
last cylinder the blocks would move on to the wheels. In fact, to 
say that a fraction of a second is all the time necessary to apply 
the full amoutt of retarding power in the case investigated 
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by me would be to set aside all the elaborate experiments of 
Poncelet, Napier, and Wilson, and to eatablish a new and entirely 
different law for the efflux of elastic fluids. 

I now come to the remarks made by General Chapin aa to the 
efficiency of the electro-magnetic brake; he firat stated that 
the local batteries provided for slipping the carriages, and also 
claimed that the local batteries acted automatically if the train 
parted at any portion of its length. It therefore follows that, 
without some special arrangement, if one or more carriages 
were slipped the local batteries would be applied and both parts 
of the train stopped, whereas what is required to be done is to 
dip the carriages and allow the leading portion of the train to 
complete the journey without hindrance. I believe, however, 
that General Chapin would have but little difficulty in com- 
plying with this condition. General Chapin next stated that 
the arrangement of gear shown in his new plan would cause the 
whole of the blocks always to press on the wheels with prac- 
tically the same force. This, however, cannot be the ease, for 
t-he fulcrum of the lever under the carriages being a fixed point, 
and as the rods which draw on the brake blocks are connected 
to the lever at equal distance from the fulcrum, it follows that 
the travel of the blocks must always be exactly the same. 
Therefore if the blocks wear unequally the pressure will some- 
times be on one pair of outside blocks only. 

The snap given to the chain cannot be overcome. During 
the recent snowy weather I heard it stated at Bow that five or 
six chains working Clark's brake had broken in one day on the 
.North London Railway. With respect to the locomotive clutch, 
this objection was pointed out to Mr. Sykes before the paper 
was read, and I asked him if he had any arrangement for meet* 
ing the difficulty, but as none was produced the objection was 
necessarily retained. I will, however, point out a probable 
objection to its being applied to the engme. Assuming there 
is sufficient space at the back of the fire box to place the clutch 
apparatus, and to obtain as much leverage as in the case of the 
carriages, now as the locomotive ia taken at three times the 
weight of a carriage, it follows that the magnetic clutch must 
give out three times the retarding force, so that instead of 
having a strain of only 1 ton on the axle, there would be one 
of 3 tons on the trailing axle of the engine : an objection which 
requires no comment. 

As to the force required to move the armatures on the fric- 
tion plates varying with different clutches owing to two different 
size wires being used, I would merely remark that the size of 
the wire and its weight were given by Mi\ Sykes, the electrician, 
who also assured me that the experiments were perfectly fair 
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in every respect. On pointing out the objection raised in tbe 
paper, Mr. Sytea did not mention thnt two kinds of wire had 
Deen nsed. A slight consideration of the question will show 
that three things at least must take place, so that the friction 
and armature plates shall resist rubbing on one another to the 
same extent. 

1st. The attraotive power of the magnets must be the same. 

2ud. The quality of the metal plates must be exactly the 
same; and 

3rd, The plates most have the same surfaces and wear exactly 
alike. 

Remembering how the plates were cut on their surfaces, aiLct 
Mr. Sykes's statement as to the fairness of the esperiraents, I 
cannot but believe that the differences stated in the paper were 
not due so much to tlie wires aa to a practical defect which 
there will be soAe difflcnlty in remedying. 

Geneml Chajiin next referred to the reduction in thickness 
of the friction plates and armature. I can only repeat the' 
statement made in my paper, that the plates when Brst measured 
were i inch thick, but now are only gtha. On examining them 
to take the second measurement I pointed out to Mr. tiykea the 
quantity of iron dust around the clutch, showing the wear of 
tne plates and axles. General Cliapin then goes on to say that 
the diameters of the asles had been reduced iu turning them 
true I'or the friction rollers. "When I took measurements and 
sketches of the arrangement I noted that the axle had been; 
turned true for the friction roller, but the reduction was very 
slight, certainly not more than one-third what it now is. Z 
have already said that the apparatus when applied must either 
skid tlie wheels or cause the armatures and friction plati^, and 
also the axles and friction rollers, to rub on one another with 
great force, and it ia not possible for them to do so without 
oonaiderable wear. 

With reference to a remark made by Colonel YoUand as to 
the guard being able to apply the brakes as well as the driver, 
I will merely quote Condition 3, which states " that it is neces- 
sary that the brake apparatus be capable of being applied from 
the trail end of the train as well as from the engine." Colonel 
Yollaud also stated that tender engines should be provided 
with efficient brake power. The importance of this ia strikingly 
shown by a series of experiments made by Sir William Fair- 
bairn for the purpose of testing the relative efficiency of Messrs. 
Fay and Newall's brakes. The experimeata were published in 
the ' Transactions of the Institution of Civil Eugineers " 
1859.' On referring to Tables A and E it will be seen t. 
the theoretical Tables given in my first paper are verified 
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ictiee ; and also if the stops recorded in Table A with the 

KDgine detaclied be compared with tliose in wliieh it was 

"tached, but without any brake, it will be seen they were made 

, the inverse ratio of the weight of the train. Take, for 

stance, the stop made with Mr. Newall's brake with ea- 

n&e detached, esperiment No. 2, spei;d, 32'72 miles per 

ir, distance of pulling up, 56§ yards, and compare it with 

'. 1, Table B, engine attached, speed, 33 ■ iJ8 miles per hour, 

^d distance stopped in, 125 yards. In tlie first instance it will 

je seen that the maximum retarding power is applied to the 

phole weight of the train, while in the second it is only applied 

t 37 J tons out of 61^ tons ; so that the stop, supposing the 

ftlocitieB to have been the aame in both cases, would be made 

r 37i ; 67i : : 57 yards : 103 yards. To this will have to be 

Bded the distance due to the slight difference iti the two 

^ocities, which will increase it as (32 '72)^ : (33 '96)^, or as 

■>7 :115 .-. 107 : 115 :: 103 yards : 110 yards, instead of the 

!5 yards given in the experiment. This slight difference may 

I due to the guard and driver not applying the train and 

mder brakes in the latter esperiment exactly at the same 

Therefore if we wish to stop a train in the least possilde 

ce, we must exert the maximum amount of useful retarding 

rce to the engine, tender, and every carriage comprising it, and 

in proportion to the weight of each, as stated in Cdudition 4. 

I believe many locomotive engineers object to putting 
brakes on the engine on account of the jar given to the 
machinery aud the wearing of flat places in the tyrea from 
skidding the wheels, I would submit, however, that with 
efficient continuous brakes these objections are got rid of; 
because there is a great differeuce between them and those 
which are applied to the engine, tender, and brake vans only. 
In the latter, to make a quick ordinary stop, all the wheels 
must be skidded as the retarding power is concentrated ; but in 
the former, to make a stop in the aame distance the same 
amonnt of retarding power may be distributed over the whole 
trait), and therefore skidding of the wheels is avoided. 

Mr. llackie stated that the Electric brake was the only one 
that complied with Condition No. 2 ; and that in my sum- 
maries ol' the Hydraulic and Atmospheric brakes I set aside 
nay condition because I stated that those brakes miglit be 
efficiently applied to a train of reasonable length. There ia 
nothing in Condition No. 2 that would lead anyone to suppose 
I mean a train of an unreasonable length. Again, the con- 
dition states that the brakes on each carriage of the train shall 
be capable of being efficiently applied by the driver whatever 
its distance from the engine, t. e. the driver must have the same 
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command over the brake at the trail end of the train as he h 
over the one next the engine, and not, as in Mr, Clark's brake, 
where the farther from the engine or van from which it is 
applied, the less efficient the brakes are. Mr. Mackie states 
that all the brakes fulfil the firat part of Condition No. 4, and 
that the electric is the only one which fulfils what he calls the 
second part. To my mind the electric brake does not fulfil the 
condition in either case completely ; and if it was made to do 
80 there would probably be, as I have already stated, at least 
3 tons placed on the trailing axle of the locomotive when the 
brakes were fully applied. Mr. Mackie says Condition No. 6 ia 
only fulfilled by the electric brake on account of the liability of 
the air-brake cylinders and reservoir to burst. He complains 
that I only refer to the pipes being in duplicate, as though the 
apparatus consisted of air pipes alone, and that I mention 
Dothinp about the reservoir bursting. Now the batteries and 
wires of the electric brake are as liable to accident, and at least 
to get out of order, as the reservoir to burst, the probability of 
which is very remote indeed. 

Mr. Mackie states that Condition No. 7 is an impossibility, 
and that I must have meant simultaneously for instantaneously ; 
that even if it were possible it would be a great disadvantage, 
as a large amount of power would be lost because the sudden 
application of the brake blocks would skid the wheels, and that 
the electric brake applies the blocks practically simulta- 
neouslv, and has also the advantage of applying them gradu- 
ally. I would ask where is the practical limit as to how quickly 
the blocks can be applied to the wheels between instantaneously 
and two seconds ? In the cases of air and water the time will 
vary from one to two seconds in a train often or twelve carnages, 
according as the blocks are worn. In the case of the electric 
brake we have it reduced to a masimura of two-thirds of a 
second, and a minimum of about one-third of a second even in 
its (to use Mr. Mackie's words) present crude state. I think, 
however, that the supporters of the electro-magnetic brake J 
should hardly say it is impossible to apply the retarding power j 
throughout the train instantaneously, because that is the strong 1 
point of the invention, as will be clear when we consider the 
great forces that can be exerted instantaneously by means of \ 
electro-magnetism at considerable distances apart. But I do ' 
not mean simultaneously for instantaneously, Ibecause it doea 
not express all that is necessary ; for we not only require in 
a case of emergency the retarding power applied to the engine, 
tender, and all the carriages at the same moment, but we want 
it applied in the least possible time also. Simultaneously 
only expresses half the condition, for we may occupy two, four. 
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eeconda, and still coraply with it. Mr, Mackie next states 
,ihat it would be a great disadvantage to apply the retarding 
power instantaneonsly, because the wheels would be skidded by 
the sudden application of the brake blocks; and that the electric 
brake can apply the power gradually. It seems to me that if 
the driver can regulate hia brake power properly — which tlie 
condition requires — the case is met most fully. 

Mr. Mackie asks the meaning of Cooditjon No. 9, stating 
that it ought to mean that carriages not fitted with continuous 
brake apparatus should be capable of being coupled to a train 
'Without interfering with those that are. This condition must 
.be understood by the light of the paper, because considered 
irrespectiTely of ray views with reference to the application 
■of brake power, it will appear vague. My opinion is, and my 
ipaper is based upon it, that it should not be la^vful for any 
■vehicle to run on a railway without being fitted with efficient 
brake apparatus, and that when those vehicles are coupled 
together the driver and guard shall be capable of applying the 
whole of the brakes. What I mean is that whichever kind of 
Tehicle may be required, and whichever end of it may be pre- 
sented for coupling, no inconvenience shall arise. 

With regard to Condition No, 10, Mr. Mackie says I should 

Jiave stated my views of complicated parts, I could not do 

lOre than define the parts which appear to me complicated, as, 

p inatanee, in the hydraulic brake, that the arrangement in 

le van was complicated, while that underneath the carriages 

as extremely simple, Referring to Condition No. 12, 

Mr. Mflckie states he should have left out the latter part of 

this condition; and that the hydraulic brake is the only one 

that complies with it, I will explain my reason for the second 

,{Art of this condition. If we wish to put a ton pressure on a 

brake block for the purpose of stopping the revolution of a 

wheel, the effect will be the same as regards stopping it, 

whether it be done through the medium of air, water, or hand 

power and levers ; therefore some hold that, if the effect to atop 

the wheel is the same in each case, there is no advantage in 

using an elastic medium in preference to a rigid one. But we 

" lUst not only consider the effect we have on the wheel, but 

BO the effect the resistances of the wheel will have on the 

iplied power and the mechanical arrangement through which 

._e retarding force ia exerted, as well as on tlie passengers. I 

therefore hold that the pressure should be applied to the blocks 

tlirough an elastic medium. Vibration is due to one of two 

""" aes; either to the irregularities of the tires and blocks when 

wheels are revolving with the retarding power applied, or to 

jgularities in the rails when the wheels are skidded. The 
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; in partly vertical and partly 
horizonUl lioes; while the fatter may be considered to do so 
directly in vertical lines ouly. Now it is evident that if the 
blocks are rigidly pressed on each side of the wheel the vertical 
forces due to the irregiilaritieB will be communicated through 
the brake hangers to the carriages, while the horizontal ones 
will be spent on the brake apparatus. If, however, yon press 
the blocks on with an elastic medium, you allow the wheel to 
slip between the blocks and play on springs whatever may be 
the direction of the vibrating forces. Mr. Mackie states that 
the hydraulic brake is the only one that complies with this con- 
ditioi), because the water in the cylinders is in direct communi- 
cation with the accumulator springs ; the reason is, the water has 
to pass through a regulator alter leaving the accumulator. Of 
the atmospheric brake, Mr. Mackie says we have 50 lbs. on the 
square inch in the cylinders at a considerable leverage. For 
making ordinary stops only about half that pressure in the 
cylinders is necessary, so that the pressure on the horn plate 
is reduced to about 1 ton ; but Mr. Maekie appears to forget 
that this one ton on the horn plate arises from not having the 
blocks on both sides of the wheels — a fault that belongs at pre- 
sent to the electric brake aa well as to the air brake, and which 
has been pointed out in each case in considering how far these 
brakes comply with the conditions. 

I cannot agree with Captain Fairholme and Mr. Adams, that it 
is not necessary to apply the brakes to every carriage. George 
Stephenson, when examined before the select committee on rail- 
ways, in 1841, said, "I believe that if Belf-actiag brakes were 
fut upon every carriage scarcely any accident could take place." 
f it is better to apply the brakes to four carriages in a train of 
ten than to only two, and also better to apply them to six than 
to four, it follows that it miost be a greater advantage still to 
apply thorn to the ten than to the six only. Another objection 
to Captain Fairholme's proposition of placing brake apparatus 
on a certain number of carriages only, and in certain portions 
of the train, is the probable inconvenience tliat would arise in 
making up a train and adding or detaching carriages on a 
journey, because they could not be taken indiscriminately, I will 
admit, however, that if efficient brake power be applied to the 
engine, tender, and five carriages out of a train often carriages, 
it IB at least as good if not better than applying it to all the 
carnages only ; because the same amount of retanling power is 
■ better distributed throughout the train. On the other hand, if 
it is applied to the whole of the train, including the engine and 
3 may he done by the air and hydraulic brakes, then 



* 



CONTimJOUS HAltWAT SHAKES. 105 




B train will be stopped in a better mannei- and in less distance 

iflD in either of the other casea. 

a remarks made by Mr. Johnaon with reference to the two 
B he haa had special experience with on the Great Eastern 

lilway will be endorsed, I think, by aU who have given the 
isabject the least attention. 

With regard to Mr. Pendred's remarks as to whether we are 
really doiug the best thing in applying the retarding power to 
the wheels by means of blocks, I will merely state that it 
certainly does seem that we are a long way irom perfection 
when we consider that the coefficient representing the work 
done is only Jth or Jth of that actually put upon the block. It 
will be remembered that a retarding force eqnal to 18 per cent. 
of tlie weight of the traio was shown to be sufficient in ordinary 
weather to stop it in 220 yards, but to obtain this 18 per cent. 
by means of brake blocks we are sometimes obliged to apply 
90 per cent, of the weight of the train. 

I hope Mr, Varley does not suppose that I consider electricity 
nnsuitable as a means of obtaining efficient brake power. My 
objections to the electric brake refer to the mechanism by which 
it is at present applied, and also to the probable cost of main- 
tenance. That the electric brake when perfected will hare 
many great advantages I admit, and among the most important 
of them will be that each carriage will be complete in itself. 
But the electric brake on the North London Railway and the 
electric brake of the future will, I am persuaded, be aa different 
from one another as Stephenson's " Kockefc" was from the modern 
locomotive engine. 

Mr. Clark introduced to the notice of the members a new 
and improved arrangement of his briike. It is not my intention 
to criticise it, because it has been brought out since tlie reading 
of my paper on the chain brake. I will only aay that it appears 
to be extremely simple. 

The information given by Mr. Halpin and Mr. Toralinson, as 
to the advantage gained by not skidding the wheels, is perhaps 
the most important part of the discussion. If we compare it 
with the instance quoted by Mr. Spencer, we shall find them 
agree very nearly. But when we consider the experiments 
made by Sir William Fairbaira with Meairs. Newall and Fay's 
brakes, we shall feel the question ia still a doubtful one, Cora- 
pare, for instance. Experiment No. 10 (Table A) with Mr. Pay's 
brake ; in this instance we have the train when moving at a 
Telocity of 60 miles an hour stopped in tlje short distance of 
204 yards by skidding the wheels. It follows then — supposing 
Mr. Spencer's and Mr. Halpin's data to be correct— that the 
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train could be stopped with the wheels revolving in a distance 



of ^ij— = 136y«rd». 

I do not think the experience of any engineer leads him to 
believe that this can be done under the above conditions. With 
reference to Mr, Halpin's remarks as to Mr. Naylor'a brake, I 
may state that previously to writing my paper I made inquiries 
of Mr, Martley, tlio locomotive superintendent of the London, 
Chatham, and Dover Railway, aa to the succeaa of that brake, and 
was informed that Mr. Naylor, through ill health, had not been 
able to perfect his invention, and that consequently it had been 
abandoned. Under the circumstances therefore I thought it 
best not to describe it in my paper. 

I have next to reply to several objections raised by Mr. 
Bemays to Conditions 1, 2, 10, and 11. The objection to Con- 
dition 1 has already been answered by General Chapin. I 
would remark, however, that it appears to me that the operation 
of aimpiy moving the key in the electric brake or turning the 
cock in the air brake is more expeditioua and involves less 
labour on the engine than having to apply the ordinary tender 
brake and whistle to the guard as now done. Considering this 
and the great advantage gained hy placing the retarding power 
in the hand of the man who is most likely to first observe 
danger, I am unable to coincide with Mr. Bemays that the 
word " advisable " should be substituted for " necessary." Con- 
dition 2 has also been explained in accordance with my views, 
by General Chapin. In my paper I state that 220 yards ia 
the least distance that should be reckoned we could stop a train 
moving at a velocity of 60 miles an hour by skidding the wheels 
in ordinary weather, and I advocate that sufGcient retarding 
power should be provided for doing this. Table A (in my first 
paper) is given to show the advantage of this, by pointing 
out the relative distances the same power would stop a train at 
various velocities. In turning curves in cuttings the power of 
stopping a train moving at 30 miles an hour in 60 yards 
instead of 220, as advocated by Mr. Beruays, must certainly 
be reckoned a great advantage ; while on very foggy nights it 
would bo found useful in stopping at stations. Mr. Beruays' 
proposal to add to Condition 10 — " And if out of order the defect 
shall be easily detected and easily remedied " — I accept as an 
improvement on the original. 

With reference to Condition 11, I admit that Mr, Bemays' 
objection ia a perfectly valid one, if the blocks are hung from 
the framing ot the carriage in the usual manner, and if they 
are forced on the wheel by a rigid instead of an eJastic medium ; 
but I cannot agree with his proposal to reverse the condition. 
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ret, let ua consider the advantages and disadvantages of 

iplying the blocks on one side of the wheel only, as shown, for 

stance, in Dra^ving No, 5 (Electric Brake) ; and let ns take 

!^i ton as the force exerted on each block without skidding the 

Eirheels, for I strongly object to nkidding the wheels for ordinary 

" tope. Tills force of 1^ ton on each wheel will tend to bring 

aem together, and raise the longitudinals of tlie carriage in the 

lentre. This condition of the longitudinals is likely to increase 

ribration, while in itself it is often felt and complained of by 

" ' travellers. Then, again, the bearings wear unequally 

iie whole time the train is being atopped, and unnecessary 

"■Strain is thrown upon the axle guard. On the other hand, as 

Btated by Mr, Bernays, it comparatively interferes but little with 

the action of the carriage springs. 

By applying the blocks to both sides of the wheel, we at once 
get rid of the whole of the disadvantages attending their appli- 
■ leation to one side of the wheel only ; it therefore only remains 
p£Dr me to consider how the action of the springs is interfered 
with, and how the interference raay be obviated. If the blocks 
are made to hold the wheel by means of a rigid medium, such as 
water, without a cushion of air or other means for producing 
elasticity, the wheel, blocks, and carriage become one, and ths 
carriage springs practically useless; so that all the vibrations 
or vertical forces arising from irregularities of the rail, if the 
wheels be skidded, or from inequalities or indents in the tyres 
when the wheels are revolving, are communicated through the 
block hangers to the carriages and passengers. As that portion 
of the wheel above its diameter and between the blocks may be 
considered as a wedge, it follows that any effort of the wheel 
to rise must tend to drive the blocks farther apart, and con- 
sequently communicate vibrations by means of the water in the 
cylinders and pipes to the pressure gauge in the guard's van. 
Now it was owing to observing the intense vibrations of the 
pressure gauge of the hydraulic brake that I was led to conceive 
that an elastic medium should be tised ; because it follows that, 
if the cylinders and pipes contained air, the blocks would be 
allowed to yield the very slight distance required to permit the 
wheel to slip, and the carriage springs to come into play. The 
blocks should be carried in such manner as to permit them to 
fit the wheel accurately, however loaded or otherwise the carriage 
IBay be. An objection may be raised to this proposition, because, 
^^hen ascending or descending an incline, the tendency of the 
I W)Cks to maintain a vertical position would perhaps cause them 
Vio touch the wheels ; but little difficulty would be met with in 
iSTercoming this objection. The blocks should be hung from a 
mmoB centre over the wheel. 
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Eeferring to Mr. Clark's remarbs, I cannot think the proposal 
of the North-Western Kailway Company to divide tlie brake 
power for long trains into several sections a desirable plan, 
tecauae they are not likely to act Bimultaneoasly ; and in a case 
of emergency it ia extremely doubtful whether half the brake 

fower would be got into action in time to bo of much service, 
n fact, the arrangement is a further application of the very 
questionable plan of having one kind of brake for the engine 
and another for the carriages. 

A most important question has been entirely overlooked in the 
discussioD, mz.: What is the best material for brake blocks? 
For reasons already stated I believe that metal blocks are 
superior to wood ; and in support of that opinion I will read 
copies of two letters written to Captain Fairholrae, one signed 
by the Locomotive Superintenrlent of the Koyal Prussian Upper 
Silesian Railway, and the other by a Director of the Right Bank 
of the Oder Railway, as to the superiority of a mixture of cast 
iron aud cast steel for brake blocks. 

Sib, Bbeslau, 2nd December, 1873. 

In reply (o tlia application made by jou to the Board of Directioa of 
this railway, which has been referred to me, I have the pleasure to inform you 
that out of the 345 aets of your cast-steel brake blocks, which liave been 
gradually introduced into use on. different ca,rriage8 on thia railway since the 
mouth of April, 1867, only eight sets, wbioh have been in use on passenger 
train guards' vans, are actually completely used up, each of them, howaver, 
having been employed on an average distance of 32,213 German milea (144,758 
English). Not less advantageous docs the result with the remaining sets in 
nee on other carriages promise to be, aa, notwithatandiog that each of tbem 
has already on the average been employed on a distance of about 10,000 
German miles (45,000 English), they all appear to promise an endurance fully 
equal to thcao above nicntionqd as being completely used, the expense of which 
by each mile of distance being calculated as having been 0'0674 of a 

(Signed) Grimmer, 

Loeomotive Superintirndsnt (/ the Royal Fruaiim 

U^er Silesian MaUiuay, 

Sib, BaBSLitr, 3ni January, 1873, 

In reply to your letter of the 14th ultimo, we have the pleasure to 
inform you iJiat according to the report of our locomotive BU[)erintflndent, the 
application of your cast-steel brake blocks has been attended with most satis- 
factory resullB as well on goods wagons or yards' vaus, as also on engine 
tenders. The brake power developed ia sufficient, and skidding Ihe wheels 
can only be produced by the greatest exertions of the brakesman, in oonse- 
quence of which the wheel tires are beyond all oompsrison more saved than 
By the use of wooden blocks. 

The saving of the wheel tires fwhich are considerably less, and at the Bama 
Bgularly, used up) and the saving in rails resulting from this form 
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aat important advantages in these lirakc blocks. The expeiu<ie of (ittiug and 
intenance are also, in consBqueaoo of their great endurance, less than those 
li wooden blocks. No case biui as yet occurred of a brake block breaking, 
Rlile the same cati be said of the wheal tires on which they have heeu used. 
it. coiuequence of theso favourable results we have decided oa a further appli- 
WDn of jour cast-steel brake blocks, and have consequently iuserted them as 
ftof the BtifuktioDs in our coutracts for the purchase of all new goods 

(Signed) Gihmb, 
Director 0/ the Syht Saak of the Oder Eailxeay. 

n conclusion, I would observe that it matters not whether we 

isider the simple arrangement designed by Mr. Clark; the 

Gcient regulator of Mr. Barker; the ingenious coupling and 

^"6 attention to minutest details displayed in the air Drake ; or 

'mple means by which retarding power may be made to act 

t instantaneously throughout a train of any length by the 

jcal brake, we find abtmdance of thought and skill dis- 

d. Prom what I have seen I am sure there are few who 

1 fully estimate the expense and anxious labour incurred by 

toh of these inventors in respect of their continuous brakes, 

either of which, with 200 yards of warning, railway 

Collisions ought hereafter to be an impossibility. It only 

mains to prove which is the cheapest, best, and most reliable. 

I for this and for the purpose of obtaining justice for the 

bventors and the public that I suggest that exact trials should 

't once be commenced by several of our large railway companies. 

'; had been a question of gims instead of brakes, it would 

i been taken up by the Government long ago; for it is 

markable what an enormous amount of money is spent annoally 

i Shoebnryness, Chatham, Woolwich, and other naval and 

'litary establishments, for the purpose of testing by exact 

^eiiment which war engine will deal out most destruction to 

1 life, as compared with the little that is expended iu 

B preservation, either with reference to reducing mortality by 

nforcing improved sanitary arrangementfl, or by ensuring the 

" ' y of railway travellers or those who go down to the sea in 

I. 

le Pbesioent said he considered the Society was greatly 

Endebted to Mr. Fox for his able papers. Tliey were of an 

iuninently practical character, and related to a subject which 

aa prominently under consideration by the profession at the 

resent time. Mr, Fox had laid down certain conditions which 

Iliad been, with but very slight amendment, admitted to be 

Leorrect. He (the President) would like to have heard the 

t.^estiou of the cost of maintenance in the various brakes 

■ «ucidated a little more. The members had not had sufficient 

1. evidence before them to enable them to judge of the merits of 
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the yarious inventions with respect to the cost of mamtenance. 
In railway matters that was a subject of very serious considera- 
tion. There could be no doubt that railway men would give the 
preference to that invention which was most reasonable in its 
nrst cost and most economical in maintenance. 
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The following Tables appeared in the author's previous 
paper, and are here reproduced for reference with the fore- 
going paper. 

TABLE A. 

Table showing Distance trayelled by a MoYixa Train on the Level at Yelooitiea 
of 20, 30, 40, 50, and 60 miles per hour after sbntting off Steam, and applying 
— ^by means of continuous brakes— a retarding force equal to 18 per cent, of 
the weight of the Train. 



Speed 
per hour 
In miles. 



20 
30 
40 
50 
60 



Speed 

per second 

in feet 



294 
44 
58| 
73^ 

88 



Distance 

travelled after 

Steam is sbut off, 

in feet. 



73^ 
165 
293^ 
460 
660 



Distance 

travelled after 

Steam is abut o£^ 

Inyiu-ds. 



244 

55 

98 
153 
220 



Time required 

to stop Train, 

in seconds. 



7i 
10 

15 



TABLE B. 

Table showing Pbessube to be Applied in Lbs. to Brake Blocks for Coefficients 
of FBionoN varying from '15 to '35, so as to give a retarding force to each 
wheel of a carnage weighing 10 tons, sulflcient to stop it in 220 yards when 

' moving at Velocities of 20, 30, 40, 45, 50, 55, and 60 miles per hour. 





Velocity 

in miles 

per hour. 


Velocity 

in feet 

per second. 


Coefficient of Friction. 






•16 


•20 


•26 •SO ^36 






20 
80 
40 
45 
50 
55 
60 


294 

44' 

58f 

66 

73i 

804 


746 
1680 
2987 
3774 
4666 
5646 
6720 


560 
1260 
2240 
2830 
3500 
4235 
5040 


448 
1008 
1792 
2264 
2800 
3388 
4040 


373 

840 
1493 
1887 
2333 
2823 
3360 


320 
720 
1280 
1617 
2000 
2420 
2880 
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TABLE 0. 



Nature of Surfaces in G!oDtact. 



1. Polished steel on polished wood 

2. Metals on oak — dry 

» >» "^6* 

„ „ greasy .. .. 

3. Metals on elm— dry 

4. Metals on metals — dry 

„ ,, wet and clean 

II I, greasy .. .. 

5. Leather on metals — dry .. 

„ „ greasy .. 

6. Steelonioe 

7. Brass on steel 

8. Soft steel on soft steel 

9. Oast iron on steel 

10. Wrought iron on wrought iron .. 

11. Tin on wrought iron 

12. Soft steel on wrought iron 

13. Cast iron on cast iron—wet 



Cioefflcient of 
Friction. 



25 
20 



•25 

'50 to -60 

24 „ -26 

•20 
•20 to 
15 „ 

•30 

•14 

•56 

•36 

•23 

•014 

•14 

•146 

•15 

•16 

•18 

•19 

•314 



Limiting Angle 
of Resistance. 



0° 1' 
140 2' 

26J° to 31° 
13i° ,. 14i° 

11J° 
lli° to 14° 
8i° to 11 J° 

T 

29J° 
20° 
13° 
0° 49' 
7° 54' 
8° 18' 
8° 36' 
9° 5' 

10° 15' 

10° 43' 

17° 0' 



Authority. 



Ferguson. 
Bankine. 



>» 

)i 
I) 
»» 
« 
>» 

Bennie. 
» 

»l 
»» 

n 

Morin. 



Note. — Those coefficients in the above Table ascribed to Professor BanMne 
have been taken from his work on ' Oivil Engineering/ and are founded on the 
experiments of General Morin and others. Those ascribed to Mr. Bennie- weie 
made under pressure of 36 lbs. to the square inch. 



[Table D. 
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April 1th, 1873. 

JABEZ CHURCH, President, in the Chaie. 

BORSE RAILWAYS AND STREET TRAMWAYS. 

By Henry Gore. 

9 of the most prominsnt features which mark the state of 
ilization of a country is the facility that is offered for internal 
EDmunication between its inhabitants. &ood roads invariably 
) the progress of every people, and the history of road 
^ in England would form an interesting chrouiole of the 
idy advancement we have made from tlie rudest barbarism 
9. condition of the most refined civilization, The early inha- 
titants of these islands were content with rude dwellings, rough 
fare, and but scant clothing ; the necessity for roads scarcely 
existed, wheel carriages being almost unknown. They tra- 
versed the country on their strong and trusty steeds, and the 
etieat pack-horse fornished them with all they requii-ed as a 
ust of burden to transport the produce of their fields or the 
few articles of merchandise in which they traded. But when 
the Romans became the masters of the land, they speedily com- 
menced the construction of a system of roads, the remains of 
which we find even to this day. The growing importauce and 
wealth of the inhabitants of tlie larger towns and villages soon 
rendered it necessary that roads or thoroughfares should be 
formed, so as to afford the means of easy communication between 
the several parts of the town or city itself and its surrounding 
suburbs, uotU at last the conntry became intersected by what 
were afterwards called the king's highways. Eventually it 
became necessary that these highways should be connected 
with the smaller villages and hamlets. This brought into 
existence what are still to be foimd in most parts of England, 
the parish roads, they being, as their name implies, made and 
kept in repair by rates levied on the owners and occupiers of 
land in the parish through which they passed. 

But these thoroughfares became, through inattention and want 
of efficient repairs, inadequate to jneet the rapidly increasing 
movement of the people and merchandise. To remedy these 
defects the idea was started of making and maintaining roads 
by private capitalists; the interest on the capital .so invested 
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was to be secured bytlie leTyiiig of tolls upon vehicles, animalB, 
and, in some instances, on foot passengers who travelled over 
tliese roadin. It was from a peculiar form of gate or stile beinf; 
used on some of tbe earliest of th«m, that they were called 
turnpike or toll-bar roads. With the great increase of trafBc on 
these Tonds came the consideration of the important questioo of 
maintenance. Alxiut the end of tbe last eentoiy engineen 
began seriouidy to turn their attention to what may be called 
the science of road making. Among many eminent mea iriio 
were engaged in endeavouring to improve our roads, the namoB 
of Telford, Pamell, Kichols, Macadam, and MeNeil are the 
most prominent, and many of the great roads made by these dis- 
tlngnished men ieti]ain as models to this day. But perfect 
as our roadways were becominf; they were found to be totally 
inadequate to keep pace with the vast development of the 
industrial and commercial enterprise of the c<iuntry, which may 
be said to have commenced with the present century. To meet 
the demand thus occasioned, more especially in the transport 
of coal and raw materials and manufactured goods, canals iiad 
been constructed in many parts of the couutry, but the pa»- 
senger traffic in tbe manufacturing districts exceeded tbe 
capabilities of the ordinary public conveyances, and the 
possibility of applying steam or other mechanical power as h 
substitute for, or supplementary to, am'mal traction was engaging 
the attention of engineers and inventors . Improvements in the 
construction of railways and machinery for working them were 
introduced, and tbe passenger railway system was inaugurated. 
From that time to the present important improvements have 
been made in public carriages, and within the last two or three 
years tramways or horse railways have been introduced into the 
streets and thoroughfares of the metropolis and several of our 
most important provincial towns. 

Before proceeding to the consideration of the various systems 

on which tramways have lately been constructed, the author 

believes it may be interesting to detail a few of tlie more pro 

minent points in the history of this description of road. The 

k idea of a track or tramway seems first to have suggested itself 

jto the owners of the collieries on the banks of the rivers Tyne 

P'^ftDd Wear. The first mention of such a tramway is to be foond 

In a report made by the Lord Keeper Guildford in 1676- 

Speaking of the conveyance of coals, he thus describee the 

■' wagons and wagon ways," as he calls them : " The manner of 

the cftrriftcre is by laying rails of timber from the colliery down 

to exactly straight and parallel, and bulky carts are 

TOwlets, or wheels fitting those mils, whereby the 

30 easy that one horse will draw down four or five 
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chaldrons of coals. In situations where these roads were inclined 
no horse was required to draw the wagons, as without such 
aid they ran along very readily, Bometimes too rapidly if the 
attendant fails to apply the tiller," a name liis lordship evidently 
intends should mean tiie brake. A reference to Figs. 1 and 2 
will explain the general moile of constructina; these roads. The 
wooden tramway continued in use for nearly a century. The 
first autheutic record of the use of iron appears in the accoants 
of the Coalbrookdale Ironworka, where mention is made of six 
tons of iron rails having been cast in 1767. In 1776 Mr. Carr, 
the manager of the Duke of Norfolk's collieries at Sheffield, 
laid an iron tramway from the pithead to the staith or loading 
place. Figs. 3, 4, 5, and 6 show the details of these tramways ; 
the author bo lately as 1856 saw one of the platforms or wagons 
originally designed for this road. About this time tramways 
with iron rails began to be laid in most of the mining districts 
of the North, also in "Wales and Cornwall, and it was upon one 
of these roads that Trevithiek's locomotive engine first ran. 

By a singular coincidence it is exactly seventy years ago, 
namely, in March, 1803, that the first mention is made of 
laying tramways in the pnblic roads; it will be found in a 
patent granted to a person named Woodhouse, the title being 
" A New Method of making Iron Railroads or Ways for the use 
of Carriages on Public or other Eoads." Figs. 7 and 8 will 
show the details of construction. The inventor proposed to lay 
caat-iron tram plates on a level with the surface of tlie ordinary 
roadway, or paved street; these plates or rails were cast in 
lengths of about 5 feet, and were to be supported on blocks, made 
either of iron, timber, or stone, the plates being secured to the 
blocks by means of wrought-iron bolts aud nuta. The road was 
to be kept to a uniform gauge by means of transverse bars of 
iron or timber, fastened into the bearing blocks, as a security 
against horses slipping at the points where it was necessary for 
lines to cross each other. The invention provides for the use 
of diced or chequered plates. The rails or tram plates were to 
be slightly concaved; as soon as the blocks, &c., bad been 
securely fixed the stone pavement was to be laid, if in paved 
Btreete, but in a gravel or broken stone road the sides of the 
iron rails were to be protected by a row of square atones on 
either side, the intervening spaces to be filled up with the 
ordinary road material. It will possibly be in the recollection 
of some members of this Society that the late Mr. Brydges 
Adams read a paper at the Society of Arts in the year 1870, 
in which he advocated the use of the concave rail. A reference 
to Fig. (Mr. Adams' rail) will show how far his ideas had 
been forestalled by the invention of Woodhouse. The author 
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has been informed that a line of tramway wtts Ittid by Wood-^ 
house to a eoUiory in the iifiighbourhood of Leicester, and I 
reference was made to its existence in 1821, during a parliar>a 
mentary inquiry. t 

In 1809 a tramway, or horse railway, was projected between 
the towns of Gloucester and Cheltenham. An Act of Parliament 
was obtained, and the line was opened for traffic in the be- 
ginning of 1S21, This, it is believed, was the first tramway 
for the conveyance of passengers. A few years after the opening J 
of the Cheltenham triimway a similar hind of road waa opened! 
from Stratford-on-Avon to Moreton-in-the-Marsb. The line was T 
intended principally for the conveyance of coal and grain, but 
passenger carriages ran on market days between the years 1825 
and 1832; the author has frequently trarelled over this line. 

In 1829 Mr. Walker, the engineer to the West India Dock, 
laid down a stone tramway in the Commercial Eoad, between J 
the dock entrance and Whitechapel (Fig. 10); and in 1833a 
Mr. McNeil proposed to construct a similar stone tramways 
between London and Holyhead, the traffic over which was to he 
by means of coaches or omnibuses propelled by steam. It was 
proposed lo form a company with a capital of 350,000?. to carry 
out the scheme, and parliamentary powers were applied for, but 
the Bill was thrown out at the second reading in the House of 
Commons — the opposition being raised principally by parties 
interested in turnpike trusts. The suggestion to lay rails in 
the streets and thoroughfares of towns, and to work carriages 
with flanged wheels thereon, is said to have been first made 
in the United States by a French engineer of the name of 
Lou bat; but irom information the author obtained while in 
America, he believes proposals were made for horse railways 
some time pr'evioas to Loubat'a scheme. There is, however, no 
doubt that this system of street locomotion soon became general 
throughout the States. In 1857 or 1858 Mr. Train made pro>J 
posals for laying down tramways, or street railways, in some of^ 
the metropolitan thoi'oughfares, and also in several of the pro- 
vincial towns in England; he also appUed for and obtameif 
concessions for tramways in several important cities on thai 
Continent. The mode of construction adopted by Mr. Traiul 
was that known as the Philadelphia system, with some modi-^ 
fication in the sectional form of the rail ; by a reference to the 
Fig. 11 these modifications will be seen, and ihe details of 
construction better understood. The rails were of the section 
called the double fillet, which consists of a fillet at each edge ■ 
of the bar or plate, but in reversed positions. On this fillet orJ 
projecting ridge the tread of the car wheel is intended tof 
run. The rails were supported on longitudinal timbers called] 
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etringera, which rested on croas-tiea or transverse sleepers, tlie 
latter being generally placed at intervals of 4 feet apart from 
centre to centre. The general mode of laj-ing the road was 
that adopted in most cities in the United States, but the form 
of rail was used only in the city of Philadelphia, and when in- 
troduced was intended to serve a double purpose, for when it 
was proposed to lay horse railways in that city it was suggested 
that, while the raised fillet or ridge would be used by the 
tramway cars, the lower plate would serve for the use of ordi- 
nary vehicles, the wheels of which were to be altered to suit 
the gauge, in some long and very broad thoroughfares ; this 
course was adopted, but the inconvenience to traffic crossing or 
wishing to leave the tramway at an angle has been fouud so 
great that this form of rail is now rarely used. The adoption 
of this form of rail by Mr. Train in his attempts to introduce 
tramways into this country and on the Continent led to the 
objection that was raised by the public to any general adoption 
of this system of street locomotion ; and it will be iu the reool- 
lection of most present that the experimental lines laid from 
the Marble Arch to Netting Hill and along Kennington Hoad 
to the 'Horns' were both the subjects of lawsuits, and after a 
short existence were compelled to be removed. A similar fata 
would have befallen the tramways at Birkenhead, Hanley, in 
the Potteries, also at Copenhagen and Geneva, had not the evil 
been remedied by substituting another foim of rail. The in- 
habitants ultimately became reconciled to the existence of the 
tramways in their streets. 

About the time Mr. Train was engaged in making his trials 
in England and the Continent, the author undertook the eon- 
Btructiou of a line of tramway whiub was to traverse the entire 
length of the town of Valparaiso, one of the most important 

fiorts on the west coast of South America ; the length of single 
ine of tramway was a little more than six English miles, and 
was constructed mainly on what is known as the loop principle, 
which means that the outgoing journey was performed princi- 
pally along one line of streets and the return journey along 
another, except where, from the peculiar position of the town, 
only one street existed ; here both lines of tramway were laid 
in the same street. The mode of construction was a modification 
of that usually adopted in the United States, one peculiar 
"Kiture being that the longitudinal sleepers were secured to 
H cross-ties by bolts and nuts, the longitudinals were all made 
ph scarfed joints, and were bolted up into frames before being 
Kught to the street trench ; these when laid formed a con- 
■nona frame of timber, which was levelled, straightened, and 
■eked up, and rammed thoroughly solid before the rails were 
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has been informed that a line of tramway wsts laid by Wi 
houjie to a wjllierj- in the neigbboiirhood of LeiceBter, 
reference was made to its existence in 1821, during a pai 
nieiitary inqniry. 

In 1809 a tramway, or horse railway, was projected beti 
the towns of Gloncester and Cheltenham. An Act of Parlisi 
was obtained, and the line was opened for traffic in t 
ginning of 1821. This, it is believed, wns the first iit 
for the conveyance of passengers. A few years after the oj 
of the Cheltenham tramway a similar bind of road was 
from Stratford-on-Avon to ]tforeton-in-tIie-Marsh, The li 
intended principally for the conveyance of coal and gra 
passenger carriages ran on market days between the yeai 
and 1832 ; the author has frequently travelled over this Ui 

In 1829 Mr, Walker, the engineer to the West India 
laid down a stone tramway in the Commercial Boad, h 
the dock entrance and Whitechapel (Fig. 10); and in 
Mr. McNeil proposed to construct a similar stone trai 
between London and Holyhead, the traffic over which waB 
by means of coaches or omnibuses propelled by steam. J 
proposed to form a company with a capital of 350,000^ to 
out the scheme, and parliamentary powers were applied f 
the Bill was thrown out at the second reading in the H( 
Commons — the opposition being raised principally by 
interested in turnpike trusts. The suggestion to lay 
the streets and thoroughfares of towns, and to work a 
with flanged wheels thereon, is said to have been first 
in the United States by a French engineer of the 
Xonbat; but from information the author obtained 
America, he believes proposals were made for horse 
some time previous to Lonbat's scheme. There is, howei 
doubt that this system of street locomotion soon became g 
raghout the States. In 1857 or 1858 Mr. Train m!if 
I for laying down tramways, or street railways, in ,■■. 
etropolitan thoroughfares, and also in several of r'r 
I towns in England; he also applied for and ol 
flions for tramways in several important cities i 
flent. The mode of construction adopted by 51 1. 
i' " nown as the Philadelpliia system, with some 

be sectional form of the rail ; by a reference to 

JO modifications will be seen, and the detaili 

better understood. The rails were of the se^l 

ooble fillet, which consists of a fillet at each e 

or p!**-*^' but in reversed positions. On this fillei 

, „'J.re the tread of the car wheel is intended 
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attached. Figs. 12 and 13 aliow a plan and aection of the line 
and the general details of constructiou. The rail was of the 
section called the double bead, the pavement being laid leTel 
with the top surface of the rail, the beads forming the groove 
for receiving the flange of the wheel. Another modification was 
the use of coarse threaded screws, instead of epikee, for fastening 
down the rails. The cars used for the traffic were somewhat 
different to the ordinary tramway car, inasmuch as they had 
only one platform for the conductor and the entrance of the 
passengers. The driver was seated as in an ordinary omnibus ; 
the care were reversed at the end of each round journey by 
means of a turn-table of very simple construction, placed at the 
entrance of the depfit. There are several curves of 35 feet radius, 
two of them reverse curves, on an incline of 1 in 23. The cats 
traverse these curves every minute ;uid a half from eight o'clock 
in the morning until half-past eleven at night, without the 
subtest difficulty, the outer rail being subatituted by a flat plate. 

The success which had attended the Valparaiso urban or 
street railway led the author to make proposals for an experi- 
mental line of tramway ia one of the suburbs of the metropolia 
in 18t)5, but other engagements causing him to leave England, 
it was not until the parliamentary Bession of 1S69 that he 
became intimately connected with the movement then being 
made for the introduction of tramways into the metropolis and 
some of the larger towns in the country. Since 1870 the author 
has designed and constructed a line of tramway throughout the 
entire length of the town of Madrid, and has recently returned 
from India, which he visited for the purpose of obtaining the ■ 
requisite powers to lay tramways in some of the principal cities. .] 
Street tramw^s are now in operation in the metropolis, 
Birmingham, Liverpool, Leeds, Plymouth, Devonport, Edin- 
burgh, Ghisgow, Dublin, Belfast, and Cardiff. 

Having brought the history of tramways down to the present' 
time, the author will now proceed to explain the various methods 
adopted in constructing tramways in this country since the 
parliamentary sanction has been obtained. It must be borne in 
mind that one of the fundamental requirements insisted upon 
by the Legislature is, that the tramways in any public thorough- 
fare shall in no way cause obstructions, or impede the free use 
of every part of the street by the pubhc, either as ipedeatriang' 
or when using vehicles of the ordinary kind. This restriotiOTi 
necessitated the employment of a form of rail which, while it.> 
enabled a flanged wheel to be used on the tramway cars, would 
present a uniform level surface for the passage of ordinary 
carriages. The form of raits is called the grooved section, types. 
of which are shown at Figs, 14 (Vienna), 15 (Philadelphia), 
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16 (Train), 17 (Boston), 18 (City), 19 (New York, Second 
Avenue). The mode of laying the English lines varies 
considerably fi'om that genemlly adopted in America and other 
cotmtries where tratnwaya have been constructed. 

In tlie metropolis the tramways exhibit three distinct types 
of construction. In the Brixton and CLipham and Kennington 
section of the London Company's Tramways, and the whole of 
the North Metropolitan Company's system, the method adopted 
is as follows, and is seen at Fig. 20 : The stone pavement or 
macadam is taken out for a width sufficient for the double or 
Bingie line of tramway, as the case may bo, including a space 
equal to 2 feet beyond the outside line of rails, the depth being 
about 9 inelies more or less ; in this excavation two or fuur narrow 
trenches are dug corresjionding with the longitudinal sleepers ; 
the depth of these trencjjes varies with the nature of the 
material of the bed of the road ; these trenches are filled with 
concrete, and brought tip to the level necessary to receive tho 
longitudinal Bleepere. The material of wLich the concrete is 
made is sometimes Portland cement, and at other times hydraulic 
lime mixed with river ballast ; on these strips of concrete the 
sleepers are laid. The gauge of the liue is obtained by placing 
east-iron clip chairs at intervals of about 4 feet apart, with a wider 
chair at the joints of the sleepers ; in the inner lip of these chairs 
a slot or notch is cast slightly dovetailed, and into these notches 
flat iron burs lall, thus uniting the (wo opposite chairs and 
regulating the gauge. The rails are fastened to the sleepers by 
means oC spikes driven through the rail, but where what )S 
called the Larsen rail is used the under fillets are much deeper, 
and holes are drilled in these fillets, through which the stud of 
an L staple is driven. The strap of the staple is secured to the 
side of the sleeper by a clout-beaded nail ; the ends of the rails 
rest on flat iron plates let into the sleeper, thus preventing the 
rails jumping by vibration. After the rails are secured to the 
sleepers the line is put into gauge and levelled up by packing 
concrete under the sleepers ; the entire excavation is then filled 
up with a layer of coucrete to the height sufBcient to allow the 
paving stones to be set, the paving is proL'eeded with, and the 
whole is then grouted and rammed. From the description 
just given it will be obvious that the stability of the tramway 
itself entirely depends on the strip of concrete on which the 
sleepers rest, there being no cross-ties or sleepers to assist in 
supporting the longitudinal, or distribute the weight over a 
greater surface ; it is also to be observed that the maintenance 
of gauge is almost entirely depi'ndent on the compactness and 
uniformity of the stone pavement ; the slight resistance that 
the notch in the chair would offer to fracture cannot be looked 
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npon as Bufficieot to maintain tLe road in gauge supposing the J 
m^ort faroislied by the pavement was removed oc impaired. 1 

The second type of constrection is that which has been J 
adopted on the London Street Tramway Company's system, 
whose lines are only laid at present within the parish of 8t. 
Pancras, is shown in Figs. 21 and 22. The peculiarity of this 
type is that instead of excavating trenches in the existing road 
md, as in the former type, the entire eicaTation is carried to a 
depth of not less than 4 inches below the under side of the longi- 
tadinal sleeper, and a layer or platform of new concrete is laid 
over the eutire area of the excavation of such a thickness as will 
bring the nnder side of the sleeper to the proper level without 
the necessity of any packing the longitudinals. The rails and 
cast-iron chairs, tt^eUier wiwi the mode of fastening the rails, are 
tnach the same as in the former .type; but instead of the 
transverse tie-bars being attached to the chairs, they are secured 
to the longitudinal sleepers in the following manner : The tie- 
bar itself is of flat iron from If inch to 2 inches nide, at either 
end the bar is split for the length of from 4 inches to 5 inchesi 
the pieces being turned back at right angles forming brackets, 
one half being turned in one direction and the other in the 
opposite ; holes are drilled in these angle pieces, and the tie-faar 
is secured to the timber sleeper either by means of a smalt bolt 
and nut, a coach bolt or a spike, as the case may be. These tie- 
bars regulate the gauge. The stone seta used for the paving 
are of such a depth as to allow of 2 inches of gravel being 
spread over the surface of the layer of concrete, thus forming a 
bed for the pavement, which is laid and rammed and grouted 
in the usual manner. 

The third type of construction is that used on the lines of 
tramway in the south-east district, more particularly in the 
section from the 'Elephant and Castle' to Blackfriars Bridge 
and New Cross, and also between Greenwich, Peckham, and 
Caraberwell, and is shown in Fig. 23. In this type the surface 
of the original roadway is removed, and the ground excavated 
to the depth of from 12 inches to 14 inches. The longitudinals 
rest on cross-ties or transverse sleepers, which are laid in the 
excavation, and fastened to tlie longitudinals by means of cast- 
"ron angle brackets, which are spiked to both cross-ties and 
luper ; the cross-ties are placed at intervals of from 5 feet to . 

'set apart from centre to centre ; the rails are secured to thft 
gituoinala by one or other of the methods previoualyl 
Bribed. The rails are brought up to the proper level by, 
ikiuL' the cross-ties and longitudinals with concrete, the' 

ices between the cross-ties and the longitudinal sleepers 

^a ' with lime concrete to the height necessary fori 
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I leceiring tlie etoae pavement or the layer of asphalte, as the 
caae may be ; in »ome parts of these lines asphalte has been 
used instead of granite paving. 

One or other of the modes of constniction just described has, 
with but slight modifications, been adopted in the majority of 
the proviueial towns where tramwaya have been laid, the 
exceptions being Glasgow, Leeds, and Birmingham. In Glasgow 
a special type of coustruction has been carried out, which tho 
author will describe ; it is shown in Fig. 24. The existing 
pavement or macadam roadway is taken up and an excavation 
made the entire width of a double line of tramway ; the depth of 
this excavation is generally about 16 inches. Aa soon as the 
necessary depth is reached a layer of coarse broken stone or 
road metal is spread over the surface, and upon this layer of 
atone a quantity of hot pitch, mixed with a small quantity of 
gas tar, is poured suflSicient to cement the stone into a solid 
mass ; ou the surface of this layer of what may be called asphalte 
concrete the timber cross-tiea are laid, to each of which are 
foBteued two cast-iroa clip chairs at a distance corresponding 
■with the gauge of the line; into these the longitudinal sleepers 
are placed, and secured by spikes passing through the sides of 
the chairs. The rails are also of a different section to those 
generally used, as, instead of two fillets at the edges of the rail, 
there is one broad fillet in the centre of the under side of the 
rail, which fits into a groove formed in the centre of the timber 
sleeper. The rails are secured to the longitudinals by long bolts, 
which pass through the rail and are fastened by nuts and clips 
on the nnder side of the sleeper, shown in Fig. 25. As soon as 
the sleepers and rails are straightened and brought into gauge 
the spaces between the cross-ties, and also the spaces at the 
sides of the longitudinals, are filled in with a mixture of iron 
slag or gravel and hot tar and pitch, the thickness of which 
depends on the depth of the paving stones ; the stone pitching is 
then laid, but instead of grouting the joints with lime they are 
filled in with the hot tar and gravel mixture. The cross-ties and 
longitudinals are very carefully creoaoted, or prepared with coal 
tar, before being laid down, and every precaution seems to be 
taken to secure extreme durability, and some parte of the lines 
are unquestionably the best specimens of tramway construction 
the author has yet seen in this country. 

Many attempts have been made to substitute some form of 
chair or support, with a girder rail for tlie timber longitudinal ; 
this idea seems to have suggested itself at a very eai'ly period 
in the history of tramways, as evidenced by the patent of 1803. 
Intheconstructionof the tramways at Leeds and in Birmingham 
A chair and rail, patented by Mr, Joseph Kincaid, has been 
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tried ; it is shown in Figs. 26, 27, and 28. Tliia system cousiafs 
of a aeries of cast-iron rail blocks or chairs, placed at intervals 
of about 3 feet ; these blocks or cliairs are fixed in a bed of 
concrete, and are filled in with concrete up to the level of the 
bed for the stone pitching. The blocks are arranged to receive 
either X rails or the ordinary grooved rail ; in the latter case 
holes are drilled in the blocks, and into these holes wooden plugs 
are driven ; the holes drilled in the groove of the rail correspond 
with the holes in the blocks, and ordinary rail spikes are driven 
into the wooden plugs, and thus secure the rail to the block. 
Between each block a strip of concrete is laid about B inches 
deep, and about the same width as the rail ; on the surface of 
this the rail is bedded. The gauge of the line is maintained by 
means of flat iron tie-bars that are keyed into the sides of the 
blocks. The inventor claims for this system greater economy 
in construction and greatly increased durability, 

Another form of continuous girder rail is that known as Page's 
rail, which is about to be laid down on a portion of the Dundee 
tram'ways, and is shown in Figs. 29 ana 30. It consists of a 
cast-iron girder laid in lengths of from 5 feet to 6 teet. On the 
upper surface a groove is cast, which is intended to receive sn 
angular steel rail in the form of an L reversed. On the upper 
surface the tread of the wheel is intended to run ; the lower edge 
of the L is secured in the groova of the cast-iron sleeper or 
girder by means of keys or wedges ; the sleepers rest on a con- 
tinuous bad of concrete, and the cavity of the under side of the 
firder or sleeper is filled in with a species of cement concrete, 
'he line is kept in gauge by means of slight wrought-iron tie- 
bars, which are made tu fall into slots or notches left in the 
inner side of the girder, and are made fast by a small dove- 
tailed wedge or key. In order to protect the inner edge of the 
groove, which is cast with the sleeper, it is proposed to raise the 
paving stones some ^ inch or | inch in the space between the rails. 
Other forms of iron construction for tramways have from 
time to time been proposed, including those of Mr. Greavea, 
Mr. Livesey, and the late Mr, Adams ; but, with the exception 
of the two systems wliich have been described, the author is not 
aware that any practical experiments have been yet made in 
this country with the continuoas girder, or any other form of . 
iron permiinent way for tramways. In tlie construction of the 
Buenos Ayres street railways a description of iron permanent , 
way has been extensively used, but the author is not aware ■ 
what the details of construction are. 

The author having thus described the goiieral forms of con- 
struction which have been hitherto adopted on the lines of tram- 
w:ay in this country, will now endeavour to point out some of 
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the defects which in his opinion exist in each of the systema 
which he has endeavoured to describe. In judging of the Yalue 
of any system of construction, as applied to horse railways and 
Btreet tramways, it is necessary to distinguish between an 
ordinary railway and a street tramway. It is true that in both 
cases tlie vehicles employed are intended to move as far as 
pmcticable in uniform straight lines, and that in passing frooi 
one point to another they are to travel over the shortest route 
that circumstances will admit of their taking ; also as to the 
surfaces upon which tlie wheels of the carriages are to run, 
namely, iron rails, railways and tramways are alike. Beyond 
these conditions the similarity between a railway and a tramway 
ceases. In the former, the road and all its accessories being 
reserved exclusively for the special class of carriages intended 
to be used, a form of rail can be employed which, while present- 
ing a perfect surface over which the wheels have to travel, at the 
same time presents the maximum resistance to vibratory action ; 
and, moreover, as it is raised considerably above the surface of the 
ballast or earth, always presents a perfectly clean surface, so that 
the friction in running over it is reduced to the minimum. 
Another important feature is that no derangement of gauge is 
likely to take place from lateral disturbance caused by anything 
passing over or striking the rail at any angle. A street tram- 
way, on the other hand, is exposed to many serious incon- 
veniences that can never attach to a railway. To begin, the 
very form of the rail itself is an important difficulty ; the use of 
the public streets by other vehicles renders it necessary that a 
uniform surface should be maintained over the entire width, 
therefore the tram rail must as nearly as possible be a mere 
bar in shape, with some provision for maintaining the parallel 
position of the car or carriage which is to travel upon it. This 
necessitates the sunken groove, and only one of such dimensioiia 
as will not admit of the entry of the wheels of ordinaiy carviagea. 
To comply with these conditions we sacrifice one-half of the first 
advantage to be gained by the wheel rolling over the smooth 
surface. This loss is occasioned by the friction of the flange in 
the groove. Then, again, the rail being on the same level as the 
paving or macadam, is more or less constantly covered with a 
coating of mud or dirt, which materially increases the friction, 
and as a matter of course adds to the cost of haulage. But these 
are not the only drawbacks. The flat rail is sura to attract all 
the heavy traffic in ordinary vehicles, because, as their wheels 
are not hampered with the flange, they simply roll over the 
smooth surface. Now, the eflfect of this class of traffic on a 
tramway is to increase very materialljf the amount of vibration, 
while from the nature of the road this vibration is transmitted 



k 



I 



BOB3B aULW&lS AMD 8IBBBT TRAMWAIB. 

through a considerable length of line. The effect is to dislocate 
or break up tlie bed of the road by a process of pnlrerizuig the 
road material. Then, again, the passage of other veluclea 
across a tramway at every posjible angle haa a tendency to 
dLtftorh the gauge by conatant concussions. It will thus be 
evident that a tramway is constantly sabject to injuries aad dis- 
turbances that scarcely apply in tbe slightest degree to railways. 
If such disadvantages are inherent to street tramways, it is 
obviously the duty of those engaged in their construction to 
apply tbemaelves to such a course of procedure as will redace 
the evils complained of to the minimum; and no system of con- 
struction should be advocated or tolerated that increases the 
defects which unavoidably belong to tramways ; but it is to be 
feared that the system which has found most favour in the 
metropolis, and in most other places in this country, does add 
very largely to the inherent imperfections of our tramways. 

The first and most important defect in the present system of 
tramway construction consists, in the author's opinion, in the use 
of concrete as a base for tbe sleepers and rails. Having had 
many opportunities of observing the effects of concussion and 
vibration on masses of concrete, he has invariably found that 
nothing is so detrimental to its cohesion as exposure to slight 
but constant vibration ; the effect being to break up the small 
particles of lime or cement nearest the vibrating body, thus 
enlarging the range of action, until at last a pumping motion is 
produced that soon destroys the cohesion of the entire mass. 
That this effect is produced on many of the lines of tramway 
where the longitudinals rest exclusively on strips or a bed of con- 
crete, is abundantly evident by watching the motion of the rails 
after wet weather. The material of the concrete is constantly 
being pumped up to tbe surface by tbe vibration of the rail and 
sleeper. That such woidd be tiie effect might have been fore- 
seen by what baa been constantly taking place on the Grreat 
Western Railway, where longitudinal timber sleepers have been 
used. In miiiiy cases channels of from one-half to three- 
quarters of an inch have been worn in the surface of the sleeper 
by the vibration of the iron rail ; an inference may fairly be 
drawn that if such would be the effect on an elastic material libe 
I wood, the effect would be still greater in a comparatively friable 
lass like concrete. 

But the employment of the concrete base and the longitudinal 
|ileeper alone has hitberto involved a very iinperfect system of 
'lateral support and maintenance of gauge. To the most casual 

-' "Qust be evident that the flat tie-bar, as used in the 

ies of metropolitan construction, affords an inade- 
rt to the aloepers, and may therefore be regarded a 
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Tiaeless, after the work of construction is complete ; the sole 
lateral anpport is derived from the rigidity of the pavement, 
and any disarrangement or diaturbance of this must of necea^ 
sity affect the gauge of the line. In order fully to understand 
the evil here complained of it is uecessary to take into con- 
eideration some of the disturbing causes. It has already been 
shown that the concussions caused by passing vehicles at various 
angles must more or less affect the parallelism of the rails; but 
there is a constant effect being produced by the heavy tread of 
the horses dragging the tramway car. This constant pounding 
or ramming in one uniform line has the tCDdency to spread the 
line and widen the gauge. That this is constantly taking place 
the author has had numberless means of proving ; in tact, to 
such an extent has it taken place that the wheels in some ears 
are worn down to almost a knife edge hv the friction on the 
inner side of the groove. A moment's ^renection will show how 
much additional work is thrown upon the animals engaged in 
drawing the cars when chilled iron wheels are to be ground 
away in the manner just described. In addition to the mecha- 
oical defects inherent to the use of concrete support for tram- 
ways, the author believes a far more important defect is involved 
in the chemical influence of the lime upon the timber itself in 
causing its rapid decay. The serious consequences that will 
result from any extensive repairs or renewal being necessary in 
our street tramways, seem scarcely to have been calculated 
apon ; hence defective systems of construction have been adopted, 
and improper material used with the sole view of obtaining 
economy in first cost. 

The objections to be urged against the iron permanent way 
eystem are want of elasticity, liability to fracture, and constant 
derangement and injury to rolling stock. The author travelled 
on several occasions over the portion of the line laid down at 
Xeeds, and found the undulatory motion and shock to the car 
when passing the iron blocks was exceedingly disagreeable to 
the passengers, and must certainly be very injurious to the 
carriage. He had some experience in travelling over an iron 
permanent way in India, between Cawnpore and Lucknow, and 
noticed precisely the same defects as in the Leeds experiment. 
The author is tlioroughly convinced that a certain amount of 
elasticity is absolutely necessary in the permanent way of tram- 
ways, and he is equally convinced that it would be very desir- 
able to find some material more durable than timber to obtain 
the required elasticity ; but up to the present time no such 
material has been forthcoming. 

If time had permitted tlie author would have referred to many 
defects that aro to be observed in the present system of 
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oonatraction, particoJarly in reference to the laying down of 
cnrres of short iwliu?, the imperfect manner of jiutting in points 
and erossingp, both aa to position and namber, and also method 
of cougtraction ; these may be mere eabordinate defects, bnt their 
ezistenoe tends very materially to increase the cost of working 
the tramways in this country, and in many ingtances to cause 
nnneee§fiary inconvenieoce to the poblic. 

In bringing this paper to s conclusion the anthor will venture 
to offer a few sugg^-stiona on what he believes to be the essential 
conditions to be observed in the constrnction of a street tram- 
way, admitting of course certain unavoidable difficulties coiiBe- 
qaent on the necessity to use the grooved section of rail. 

In the author's opiuion the basis of the tramway should be a 
continnous framework of transverse and longitudinal Bleepers ; 
that the longitudinal should not rest simply upon the transverse 
sleeper, but it should be firmly affixed to it, either by bolta or 
nuts, spikes or treenails, as shown in Fig, 31 ; that the whole of 
the longitudinals should be connected together by suitable scarf 
joints, or in any way that would ensure perfect continuous bear^ 
ings. In laying such a framework in the street or thoroughfare, 
he would only disturb so much of the bed of the existing road- 
way as was neeeasary for the depth of the rail and longitudinal 
sleeper; he would excavate narrow cross-trenches to receive the 
cross-ties or transverse sleepers — allowing 1 inch or 2 inches in 
the depth for the ramming in of dry ballast packing underneath 
the sleeper ; he would bring up the timber sleepers to the re- 
quisite level by thoroughly ramming and packing with clean 
dry ballast ; straighten and put the line in gange, and then proceed 
to lay and secure the rails, which he prefers to do with i-inch 
coarse threaded joiners' screws, or else with square chisel-pointed 
spikes, at the outside of the longitudinal sleeper ; at each 
transverse sleeper he would fix a east-iron angle bracket, care- 
fully fitted and properly spiked to both sleepers. The whole of 
the line should then be thoroughly examined as to levels and 
correctness of gauge. The ballast may then be filled in and 
rammed to form a bed for the paving. The author, from his 
experience in the construction of tramways, believes that a 
thorough attention to ramming is essential to the stability of 
the road, and if attention is paid to this there is no necessity 

I whatever for concrete, except, perhaps, in newly made thorough- 

I fares. 

In reference to the question of tilling in the spaces between 

I eleepers and forming the bed for stone paving, the author 

[ b' '■ -18 that tho best material that could be used would be 
>i broken stone mixed with a certain portion of coal tar. 
should ho heated to a suflicient temperature to drive off 
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*the free ammonia, but not to give off the essential ojIb ; b small 
(jnantity of grease or oil should then he mixed with the warm 
tar to render it slightly viscid ; only so miicli tar should be 
used as to perfectly paint or coat the stones, care being taken 
that the stones are perfectly dry before the tar ia put on them. 
This mixture, whicn the author calls tar macadam, is better if 
kept a fortnigbt or three weeks before being laid on the road. 
A material like this laid down and thoroughly rammed or rolled 
will form a bed for pavement the best adapted for tramways 
that the author is acquainted with ; it will resist any amount of 
pressure, is impervious to moisture, is elastic, and exerts no 
injurious effect upon the timbers of the sleepers. A great im- 
provement might be made if the paving laid between the rails 
on tramways were left with a more open joint, and this joint 
filled up with small gravel and melted coal-tar pitch ; the open 
joint would afford very material assistance to the horaes in 
starting the car, and by using pitch instead of lime and cement 
grout the formation of mud during wet weather would be almost 
done away with. Another important point that the author 
would insist upon is the thorough preparation of the timber, 
either by means of creosote or some equally powerful antiseptic 
material; the objections raised against such a process on the 
score of expense, the author believes to be untenable when 
applied to the question of tramways. It has been urged that on 
railways the cost of creosoting, if done effectively, has been 
found to be greater than the putting down of a new unprepared 
sleeper. This may be perfectly true in reference to a I'ailway, 
where the renewal of a sleeper is comparatively only the work 
of a few minutes, but it is quite another matter to replace a 
sleeper or longitudinal on a street tramway, which involves the 
taking up of pavement, and it may be the removal of one or 
more rails, and other tedious worlt, A moment's consideration 
will point out the necessity for taking every precaution to 
secure the maximum of durability of so jierishable a material as 
timber when used in the construction of railways or street 
tramways. 

There are some points connected with the laying out of 
tramways in particular towns and districts, and the selection of 
routes, that the author would have wished to have touched 
upon, but he fears he has already extended this paper beyond 
proper limits, and will therefore conclude by expressing hia 
conviction that tramways will ultimately become important 
elements in carrying on the street locomotion of the important 
towns in the country, but at the same time he believes that 
hitherto the principal consideration of those engaged in the 
promotion of tramways has been to oblain as large as possible 
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returns upon tlie capital invested ; to secure this, economy 
insteail of efficiency has been the basis on which most of the 
liiiea have been constructed. This desire for cheapness has led 
to many of tlio defects that are now apparent, and which only 
time and a careful study of what street tramways really are can 
remedy. 



DISCDSSIOS. 



Mr. P. F. Ndbset said that Mr. Gore had refeiTed to the propul- , 
sion of tramway carriages on ordinary roads by means or steam 

Jower, which idea appeared to have originated in the year 1803. 
t had been tried at various times and in various places, but it 
had not beuome a pratitical success down to the present tim& 
There existed an Act of Parliament prohibiting the use of steam 
carriages on common roads between the hours of 10 A.M. and 
6 P.M., so that that method of locomotion would not be of much 
use to the travelling public if it were adopted. He had lately 
been inspecting a steam-driven tramway car, whieli had been 
designed by Mr. Grantham. The car was of the ordinary oon- 
Btruction, and on each side, midway of the length of the car, in- 
side, was a casing or chamber reaching from the bottom to the 
top. This was about three feet wide and of the same depth as 
the seat. In each of these chambers was a small Field ooiler 
and a 4-inch steam cylinder, giving altogether about 8 horse- 
powei". The platforms of the car were each 2 feet 6 inches 
longer than the platforms of the present cars. The driver stood 
on the platform, and while he was starting, stopping, or reversing 
the gear, he also had the brake under his command. The con- 
ductor stood on the rear platform, and be also had a brake. On 
arriving at the end of the journey, the driver took the stopping 
and starting gear with him from one end and iixed them at the 
other end, which then became the front of the car, the conductor 
also changing ends. The car ran upon two pairs of solid disc 
steel wheels 2 feet 6 inches in diameter, and was driven from 
one pair of the wheels. The two boilers led to one comm<m 
flue, and there was a short chimney just above the top of the 
car. The car was built by the Oldbrook Carriage Company, 
and the engines and boilers were made by Messrs. Merry weather 
and Sons. It was recently to be seen at work under an arch of 
the South-Westem Kailway at Lambeth, but as it had only, 
twice its own length to mn in, no criterion of its working could 
be got from that trial, except the fact that it was very readily 
stopped and started, and answered immediately to the regulator, 
ana that the noise of the engine was very slight indeed. Mr, \ 
Grantham appeared to have reduced the great disadvantage of" 
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the noise attending a road engine to a minimum. The inventor 
had had an offer from a tramway company to try this car upon 
a long length of line winch was not yet open to the pablic. 
That would afford a very good opportunity of judging of its 
merits. Tlie only difficulty waa whether the Board of Works or 
the Local Board would oppose its runniug. As far as he (Mr. 
Nursey) could judge of the working of the ateam car in the 
ahed, it approached very closely to success. His opinion was, 
however, that it would be better to drive the car from one end 
only. What waa wanted for steam-driven tram cars was a very 
light engine and boiler, giving a good economy of fuel. The 
working model of such an engine he (Mr, Nursey) bad recently 
had to inspect. It had been invented by Messrs. Moy and 
Bbill, and was exceedingly light, and the working of the model 
was certainly unexceptionable. It could be worked at very high 
pressures and quick speeds with great economy, the maximum 
of expansion being effected in it. The cylinder was enclosed 
within the boiler ; the steam was generated both in the boiler 
and in two sels of projecting tubes. The principle upon which 
it was based was correct, and it seemed that, worked out in 
practice, it would form a desirable apparatus for such light pur- 
poses as driving tramway cars and similar objects. He believed 
that an engine of 10 horse-power designed upon that principle 
was being constructed, and would be brought before the public 
shortly. 

Upon the general question of tramways, there was one point 
to which he would refer. It appeared to him ihat the great 
defect of tramways at present was the subsidence of the 
Btone pitching on each sid!e of the rail, which was an important 
matter in tramway maintenance. He spoke from experience of 
the defective condition of the tramway between Westminster 
and Brixton and Clapham. Mr. Gore proposed fo remedy the 
defect by the compound arrangement of which he had spoken. 
He (Mr. Nursey) would like to know whether the author had 
had any experience of that arrangement, and whether it had 
been tried. It really seemed that the desideratum in tramway 
construction waa a good, sound, permanent road, which would 
always maintain its own level instead of constantly subsiding. 
Although on the present roads in the south of London there 
waa very good concrete bottom and the rail level was well 
maintained, the granite pitching was constantly under repair, 
and appeared to be a source of endless trouble in maintenance. 

Mr. Kershaw said that in Islington a kind of asphalte paving 
made of tar and macadam was laid for the purpose of over- 
coming the difScuIty arising from the macadam atones sinking 
at the side of the tramway rails ; but it was found in practice 
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that the vibration of the rails from the cars and other yeliicIeB i 
passing over disintegrated tar paving adjacent to the rails, and 
that when the stones got loose the ordinary traffic gronnd the 
paving to dust and mud for about 9 inches or a foot on each 
Bide of the rails. The tar paving had to be repaired about every 
week in the short length of roadway from iBlington Green to 
Bamsburj' Street, along the Upper Street, The repairs continued 
for about six months, the tar paving having worn out after the 
first three months. The company bail now substituted for the 
tar macadam 6-inch granite cubes in a double row on each side 
of the rail, and the joints were filled in with tar. He did not 
think that would answer for any considerable time. Grrsnite 
paving set on concrete, with joints filled in with tar had been J 
tried in Fleet Street, near Temple Bar, and in Great Queea I 
Street, Lincoln's Inn Fields, and in one or two other places. 1 
The tar after a time got brittle, and the stones worked loose. 

Mr, F, W. Hartley observed that Mr. Gore had said that he 
fancied that the gauge of the rails increased in time. He (Mr. 
Hartley) doubted the correctness of such fancy. Of course no 
one could be surprised that the rails should get cut away, espe- 
cially in the curves ; but he would ask Mr. Gore whether lie 
had made any absolute measurements so as to determine whether 
there was really a widening of the gauge apart from the wear 
produced by the wheels. As far as the sulstratum was con- 
cerned, he thought that concrete did not form a good basis for 
the tramways. 

Like Mr. Nursey, he was in the habit of using the prixton 
and Clapham tramways, and he fancied that there was now more 
vibration than there used to be. He had also noticed the 
breaking away of the material at the sides of the rails. It did 
not, however, seem that the rails sank at all. Granite pitching 
and macadam had both been tried for keeping up the sides, bnt ., 
both appeared to fail, and a vital point yet to be secured was^ 
the formation of a perfect union between the rail and the road. | 

Mr. Thomas Moy said that as Mr. Nursey had referred ■ 
his invention, he would state that be (Mr, Moy) thought that 
the future oi tramways would certainly he connected with Hlw 
nse of steam. He had been endeavouring to adapt the enginQl 
invented by himself and Mr. Sliill to the driving of tramwavS 
cars. There were some points requiring careful consideration-S 
in accomplishing that object, and one special point was tho ] 
shunting; if both wheels went together, of course the shunting 
would be a difSculty. Their engine was, as Mr. Nursey had 
said, very light ; it could be constructed as light as 7 lbs. to the 1 
horse-power. For a tramway car they might weigh 10 or 121ba. ] 
per horse-power. It was intended to use very high pressoraJ 



HORSE EAILWATS AND STREET TRAMWAYS. 



131 



Ter 
ma 

[ 



steam and a strong generator. Evcrj-thiTig in the shape of an 
ordinary boiler was quite eliminated. With the generator of 
their engine they could work at 300 or 400 lbs. to the square 
inch. They could pass the exhaust steam into a surface con- 
denser, and use the water over and over again. All noise which 
could frighten horses would be done away with. The quantity 
of fiiel consumed would be very small, as, by the use of very 
high pressure and expansion, great economy was attained. He 
believed that in the course of the nest twelve months they 
should be able to adapt their engine to tramways and drive 
the cars with ease, and also lo manage the sbunling. As to the 
wear of the present roadways, it would be found that the stones 
were generally put somewhat in an arched form. Of course the 
tramp of the horses pressed down the ci'own of that arch, and 
drove apart the longitudinals, and thus the gauge became 
widened. That was a very great defect of the present tramways. 
When steam came into use that defect would not arise. 

Mr. Carotll asked whether the section of rail shown by 
Mr. Grore as Train's section was the same as used on Mr. Train's 
trial line from the Marble Arch. He (Mr. Cargill) believed that 
the reason that Train's trial lines were taken up was not 
that there was any absolute defect in the form of the rail, but 
that Train failed to procure that protection without which it was 
useless for anybody m this country to try any new enterprise of 
that kind. Train had no Act of Parliament, and he laid down 
his trial lines ou sufferance under the permission of the vestries. 
There were one or two points on which he should like to make 
Bome remarks. One was the use of tarred macadam. He did 
not believe that gas-tar macadam, or stones with open joints 
filled in with tar, ever made a good job. Wooden blocks and 
tar would, but stone blocks and tar would not. One of the beat 
examples of paving with wooden blocks and tar was that laid 
down by the church of St. Mary-le-Slrand. That had been 
down about six or seven months, and, considering the trafSe 
there, it gave decidedly the best results. He believed that 
there were not yet any signs of wear. The great difficulty in 
combinations of large and small stones was that the surface 
rare unevenly and sank into ruts. No doubt, as Mr. Moy had 
^d, the tendency of arching the roadway between the rails of 
tramway was to throw the line out of gauge ; but, on the 
other hand, if the road was laid flat in the fij^t instance it nould 
very soon sink in the centre. The object of the arching was to 
maintain the level of the road, but a very slight curve was 
snfficient for the purpose. As to the use of creosote for timber, 
^e did not think that engineers now put that coniidence in the 
Various preservative processes that they used. It had been said 
'^ K 2 
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that good timber did not need creosote, and that it was very- 
little the better for it, and that it waa a question whether the 
process in the long run very much improved bad timber. The 
great use that was once made of creosote was simply a premium 
upon the employment of bad timber. He could never see the 
exact use of the ties in the Kennington Itoad Tramway, and he 
doubted whether they ever filled the office they were intended 
for. If the tramway was to be kept in gauge at all it must be 
by the pressure of the parts surrounding it. The ties in the 
Kennington Road were perfectly useless. They were too slight, 
and the method of simply dropping the ends into slots was very 
crude. Tlie other method, in which the rod waa split, was 
better, although it would be as well if that were bent over and 
fastened on the one holt. He thought that the large groove ia 
the Glasgow tramway rail must very much weaken the timber. 
Fig. 11 seemed to show the best kind of rail. 

Sir. NiTRSBY said he believed that the real cause of the failure 
of Train's tramway was its defective construction. The form of 
rail was bad, and to his own knowledge a great many accidents 
had happened, besides the breaking of axles and the twisting of 
wheels. Possibly, also, Mr. Train failed to pave the way to 
success by having evinced a disposition to provoke rather than 
to conciliate opposition. 

Mr. J. H. Adams asked Mr. Gore for what reason he had a 
groove on each side of the Valparaiso rail. It differed from all 
others in that respect. He should suppose that tlie groove was 
required only Tm the inside. Perhaps, also, Mr. Gore would 
describe the very simple turn-table which was used at Val- 
paraiso. Mr. Nursey had said that the tramway steam engine 
which he had examined made very little noise. Was the load 
on it such as to afford a fair criterion of the noise which would 
be made in actual traffic ? 

Mr. NuRSET replied that there was really no great weight 
upon it, aud that was why he suggested that a trial under the 
practical conditions of ordinary traffic would be the true test of 
its efficiency. 

Mr. J. H. Adams further inquired whether the engine of 
Mr. Moy of which Mr. Nursey had spoken was intended to run 
upon separate wheels or to form part of the tram carriage. 

Mr. Mot said that they could work it either way. The engine 
could be put upon the platform of the car and drive one or two 
pairs of wheels, and occupy very little room ; or it could be put 
upon a separate carriage. It waa a very light engine, ana it 
was adaptable to every purpose for which a locomotive waa 
required. 

Mi. Dkditt Halpin said that there was an engine running 
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1 a common road between Edinburgh and Portobello, a dis- 
,nce of 6 railea. There was a kind of PielJ boiler at one end 
f of the platform. One wheel ewivelled, as in a ploogl 
engine, and the engine was steered from there. There i 
three cylinders in tlie body of the coach underneath the feet 
of the passengers, and working on to the driving axle. The 
driving axle carried the greater part of the weight, and there 
was BufScient adhesion to propel the whole machine. The 
driver, of course, went first ana steered the engine. The ex- 
haust was taken up into a box, whit^h formed a seat for the 
ontside passengers on the top of the omnibus. The Avt of 
Parliament required that such machines should be preceded at 
a distance of 40 yards by a man carrying a red flag. In this 
case the man was dressed entirely in red, and succeeded admi- 
rably in Irightening horses- He (Mr, Halpin) did not know 
how the car answered as a commercial speculation, but the 
engine was entirely under control, and attained the speed of 8 
miles an hour up a gradient of 1 in 25 or 30, The noise was 
very slight. He wished to ask the author of the paper the cost 
of the tramways per mile, and also whether he had any data 
as to the cost of asphalting as adopted in the Poultry, or as to 
the friction of the tramways. He (Mr. Halpiu) believed that 
the friction of the asphalte had never been determined. It 
was an important question whether, considering the expense of 
making and maintaining tramways, it would not be wtter to 
asphalte the whole road, and bo reduce its friction, and thus 
enable the whole mass of the trafQc to avail itself of the im- 
provement rather than simply to lay rails for the tramway cars. 
Upon the asphalted roads could be introduced a proper system 
of omnibus, which should be easily accessible by means of low 
Bteps. Ab to the sleepers the author said that timber was the 
only material which combined strength with a moderate degree 
of elasticity, but the objection to its use was its liability to 
perish. There were, however, many useful forms of conlinuoua 
wrought-iron sleepers. Among them was Livesey's Patent 
Sleeper, which made an exceedingly soft riding road. 

Mr. J . J. Miller said that there appeared to be an utter want 
of drainage where the tramway sleepers were laid in concrete. 
Where asphalte was used it seemed to be impossible to keep the 
rails level with the surface of the road. A short section laid in 
asphalte from the 'Elephant and Castle' to the Chatham and 
Dover Railway bridge in the Walworth Koad was a constant 
source of annoyance, and was kept in a state of constant repair, 
especially in wet weather. Another source of difBculty was the 
junction between the stone pitching outside the rails and the 
macadam, which was constantly out of line. 
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Mr. QosE, in replying upon the discussion, said that he did 
not advocate the use of asphalte as a surface, t< 
Kershaw had alluded. He objected to it for two 
first was that the action of the horses' feet would wear the 
asphalte into ruts and break up the line; and the second 
was that, under certain conditions of weather, the starting of 
the horses was almost a physical impossibility in connection 
with the haulage of the cars. What he advocated in regard to 
tar paving was its use to form a surface upon which the stone 
pitching should be placed. He believed it was impossible to 
construct a tramway in any city or town where there was a 
large traffic, unless a surface of stone or some equally hard 
substance was used. He could endorse Mr. Hartley's views in 
peferenoe to the constant widening of the wheels, and the effect 
produced upon the axle boxes of the wheels by the wrenching 
to which they were subject in passing points and crossings. 
But the most impfirtant point in reference to the widening of 
the gauge was undoubtedly the effect of the tread of the horses 
in two continuous lines ; and it must be borne in mind that most 
of the heavy ordinary traffic of a road is passed along the tram- 
way. The effect of the constant beating down of the surface 
by the heavy tramj^ling was to widen the gauge. In answer to 
Mr. Cargill's question as to the form of some of the rails, the 
diagram was an exact copy of a rail used by Mr, Train. He 
(Mr. Gore) believed that to a great extent Mr. Nursey's views 
as to Train's want of success were corveot. He (Mr. Gore) had 
it on the authority of the chairman and the surveyor of one 
of the most important vestries in London that had Mr. Train 
shown a little more of the maviter in modo in his transactions 
the difficulties as to the rails might have been overcome. Ho 
must confess that he could not agree with Mr. Cargill as to the 
use of gas-tar apd macadam ana wooden blocks. He objected 
to it on the same ground that he had objected to the use of 
asphalte, for it was almost impossible to start the hoi-ses on 
wooden blocks, especially on an incline ; that fact was brought 
out in the dispute as to the Camden Eoad line. He ^so 
differed &om Mr. Cargill as to the use of creosote. The saccesa 
of the creosoting process was a question of time. If the creosote 
was naturally absorbed by the wood, instead of being forced 
into the pores by pressure, it would, he believed, act as a pre- 
servative. Chemically speaking, it must be so, because the 
creosote replaced a perishable ingredient in the wood by an 
imperishable one. On the west coast of South America he had 
seen wood which had been creosoted by simple absorption, and 
had remained thoroughly sound after ten years' use ; that wood 
was never subjected to any compression in the process. In the 
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same structure piles, which had been prepared by compi-ession, 
Lad decayed, while those which had been prepared by absorp- 
tion were still sound. 

The reason for using a double form of rail in Valparaiso was 
that iron was a very expensive commodity there, and it was 
thought that it would be a saving of money to have the rail 
double, so that when the upper side wore the rail could be 
turned over and used again. The coat of the rails delivered in 
Valparaiso was 2il. or 25?. per ton. The turn-table of which 
he had spoken was simply formed of slabs nailed together and 

E laced upon eight cannon balls. The coat per mile of tramways 
ad varied very considerably. Some lines had been laid down 
for 1300?. per mile, exclusive of stone paving, while others had 
cost 2500Z. or 2S00Z., also exclusive of stone paving. The 
whole range of variation had been from about 450 OZ. up to 
7000?., including stone paving. All the estimates were for 
single lines. The line in Madrid had cost, including freight, 
Custom-house duties, &c., 3(i00Z. per mile. He was afraid to 
say what the Glasgow hne had cost, but money was not con- 
sidered in the question. The quotations for asphalte had varied 
from 58. Gd. to ITs. per square yard. The Val de Travers Com- 
pany had made propositions in some cases to lay down their 
asphalte at from 15s, 6d. to His. a yard. He believed that some 
portions of the Peckham and Greenwich line had been asphalted 
at that price. 

Mr. T. Caroill said that the asphalte in the Poultry cost 
ISs. Gd. a yard under contract. 

Mr. Gore said that he quite agreed as to the importance of 
calculating the friction of tramways. The question had never 
been thoroughly considered. The wear and tear of horse flesh 
was enormous, and there could be no doubt that the necessity 
of using a grooved rail was a great drawback to the employ- 
ment of horse power. He was not able to give an answer to 
the inquiry as to the cost of maintenance of tramways. The 
companies were fixing the cost at various sums, but his own 
opinion was that it would be, very shortly, far more serious than 
was calculated. There must be a more substantial system of first. 
construction. With reference to Livesey'a sleeper, he (Mr. Gore) 
bad travelled for 80 miles upon it on the Cawnpore and Luck- 
now Railway, and he did not consider the journey a very great 
pleasure. Wilson's rail was used originally upon that line, but 
it appeared to have been abandoned. It consisted of corrugated 
chairs, or transverse sleepers, upon which the rail was bolted. 
He was told by the engineers on that section of the line that 
objection to that sleeper was the impossibility of keeping 
the road. He agreed with Mr. Miller as to the want of 
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drainage on tramways, and that waa Lis reason for insisting on 
dry ballast, well rammed, to secure that drainage which lie was 
6ure could never be obtained where concrete was used. 

The PsKsiDENT said that the paper was one of some im- 
portance, because it related to our comfort and convenience in 
our every-day transit from place to phice. The author had laid 
down certain conditions which were very important and ought 
to be insisted upon. One condition was that no tramway ought 
to impede the ordinary traffic of a road. That was one point in 
which Mr. Train's tramway entirely failed. Another condition 
was elasticity, and that was as necessary for tramways as for rail- 
ways. As to the concrete, that was a material which required 
to be free from the ordinary influences of the atmosphere and 
of drainage if it was to be used successfully. When it was 
placed at a good distance below the surface of the ground and 
was covered by a mass of brickwork, it made a good foundation ; 
but if it was to be exposed to ordinary atmospneric changes it 
would not be a suitable material for the foundation of tramway 
sleepers. He believed that the ultimate success of tramways 
depended upon the use of steam power instead of horse power, 
and be expressed that opinion in this Society some years ago. 
He was very glad to hear such promising accounts of Mr. 
Grantham's steam tram-car and Mr. Moy's engine. It was 
Bimply a disgrace to engineers that they had not hitherto 
adapted steam power to tramway purposes. It was essentially 
necessary, not only in London, DUt all over the kingdom. 
Keference had been made to the Act of Parliament, but it must 
be remembered that the Act was directed against the objection- 
able traction engines which were the only kind of locomotives 
at present used on common roads. It was not fair to compare 
such engines withthe engines which he hoped would before long 
be introduced on tramways. The construction of a suitable 
engine for tramway use was a field open to English engineers, 
and he hoped that they would prove themselves equal to the 
requirements of the case. He had had considerable experience 
of creosotmg timber, and he could say that, as far as that 
experience went, the creosoting of the present day was not at all 
equal to the creosoting of twenty-five years ago. He believed 
that it was fulling into that system of cheapness which had led 
to so much disaster and ruin. He had great faith in the pre- 
lerving qualities of creosote if it was forced, under pressure, 
nto timber from the pores of which the air had been previously 
exhausted. He believed that the failure of creosote was due to 
a lack of attention, in recent years, to the details of the process 
/•' ' -egnation. The question of the cost of maintaining 
8 had not been lost sight of in the discussion. It was 
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one which must always be regarded, for however good or 
scientific an invention might be, it must always be considered 
with reference to its commercial result. It appeared that the 
cost of the maintenance of tramways had not yet been ascer- 
tained. He could not but think that the section of rails in use 
at the present time was defective, and that it produced double 
the amount of friction which would ultimately be reached. 
Friction was a very serious drawback to the tramway system. 
Frictional resistance meant cost, and cost was a great element 
in all these matters. Hence tramways could not be considered 
at the present moment a success. 
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JABEZ CHUKCH, President, in the Chaib. 

CHARGING AND DRAWING GAS RETORTS 
BY MACHINERY. 

By John Somerville. 

For several years past machineiy for drawbg and eliarging 1 
retorts in gas-works nas been receiving tlie attention of gaa- 
engineera and managers of gas-works as a substitute for manual 
labour, which has become somewhat unreliable and unmanage- 
able, the men I'rom time to time forcing up the price of their 
labour by means of strikes, combiaations, working shorter hour«, 
&c. We Lave a recent example of this in the stokers' strike in 
London, which at one time appeared bo formidable and assumed 
such gigantic proportions that all London was threatened with 
darkness. Too much praise cannot be given to the gentlemen 
at the head of the various gas-works of London for the prompti- 
tude and energy with which they met the emergency and suc- 
cessfully stamped out the rebellion. Had the stokers been 
successful, the combination would have rapidly spread through- 
out the provinces, and many a country town would have been in 
darkness, or would have had to submit to extortionate and J 
unreasonable demands. It was very interesting and instructive I 
in the country to watch the sayings and doings and the atti- 1 
tude of the men there from day to day as the daily paper was 1 
read in the retort-house, and to notice the effect of the news, I 
■whether encouraging or desponding ; and there is no saying 1 
when such a strike may be repeated, as there is a scarcity of 1 
labour and a great amount of sympathy is shown to the men. J 
But should another strike occur, it is to be hoped that it may I 
be as successfully resisted as the last. 1 

But there are other if not greater considerations than even ' 
strikes, which call for the introduction of machinery into retort- 
houses. It is an acknowledged fact and an unfailing law of 
manufacture that machinery cheapens production, and into 
whatever branch of industry machines are introduced to super- J 
sede hand labour, there follows as a natural sequence a reduo-J 
tion in the cost of the article produced. Directors and managers ■ 
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of gas-works who intend to introduce macliinery, but wlio are 
only waiting to be assured that a saving is effected by its use, 
should accept this as an invariable fact, that as it has hitherto 
been with all other classes of machinery, so it will be witli that 
which forms the subject of this paper. Gas will be produced at 
a cheaper rate with mechanical aids than by purely mauual 
labour. Another advantage attending the introduction of ma- 
chinery into retort-houses claims attention from a humane point 
of view, It is of no use attempting to ignore the fact that far 
and wide there is a growing impression, not ouly with workmen 
themselves, but with men in high positions, that the work of 
stokers ia very severe, not only tending to shorten life, but 
having a demoralizing effect. Although there are men who 
have worked twenty, aud in some cases even thirty years at 
stoking, yet their work does not seem to have developed muscle, 
and they are generally tough and wiry, but with wrinkled 
sallow faces, from which the blood appears to be dried out. 
These men are working twelve hours out of every twenty-four, 
changing tura about, night and day, Sundays aud week-days 
alike. There is no cessation from the one round of work and 
sleep, sleiip and work. It is no wonder that these men meet 
with sympathy, and it ia only natural that humanitarians and 
Sabbatarians should endeavour to ease and lessen this excessive 
toil before hot retorts by shorter hours and freeing them from 
Sunday labour. The efforts of these friends of the stokers 
could not be better supplemented than by tlie introduction of 
machinery. Although it reduces the number of men by more 
than one-half, yet there are numerous operations in a retort- 
house requiring manual labour besides stokiug. What tha 
machine does is the hard hot work of drawing out the burning 
coke from the retorts and replacing it with a charge of coal, so 
that the flame does not burst out upon a human form, as when 
the hand scoop is sent in, but plays hannlessly upon a mass of 
iron. Another point iu favour of the machines is that they can 
be kept constantly at work, whilst, under the old system of 
manual labour, on pay night and holidays gas stokers either 
show an inconvenient preference for the public-house, or else 
are uniitted by drink for their duty in the retort-house. 

Having shown why machinery should be introduced to pe^ 
form the operation of stoking in gas-works, the antlior will next 
proceed to describe the apparatus proposed and in use for that 

Eurpose. Machinery for emptying coke ovens has for years 
een in use on the Continent, hut the earliest form applied to 
the process of gas production was Clegg's revolving web retort, 
shown at Fig. 1. Tliis was an arrangement by which fine coal 
was mechanically fed through a hopper on to a web formed of 
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wiQogbt-ircm boiler plates, and made to tnTcl contimioiisly [ 
orer rert^ving dnimB, the whole being encloeed in a retort and 
cliamber made of wrought iron, aod heated b^ a fdmace imdeiv 
neatb. The coal was charged on to the wefa; and the c<^, after 
the liberation of the gaa By traTellisg throngfa the retort, fisll 
into a pooling chumber. This artangement was the earliest 
form of charging and diacfaarging by machinery, hot it did not 
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The next attempt waa made in 1S40 by Hr. Bnmton with his 
discharging retort. Fig. 2, but which met with no better snccesB 
than CTegg's, the same defectiTe principle being apparent in 
eafh. The coal was discharged through a hopper, and the suc- 
ceeeiTe charges were propeiled along the retort by the action 
of a piston working through a gtufdng box in the retort-lid. 
The coke was discharged into a box containing water, into 
which the end of the retort dipped. It is not very ditBcolt to 
imagine the condition of the cuke when taken out of its water 
bath. 

The next contrivance, shown at Fig. 3, was the first attempt 
at a " steam stoker." Mr. George Michael took out a patent 
for improvements in the mann&cture of gas, and remarks in his 
specification, "that, with the present state of progress in the 
different arts which co-operate m the construction of gas-works, 
the power of the manufacturer may be increased, and the gas 
produced more economically than by the present mode, without 
employing large numbers of fine strong men to destroy their 
health by charging red-hot retorts through very narrow aper<i 
tures, with email qnantities of coal, and to perspire for twelvf ' 
hours in front of an intolerably hot radiating surface." 

He proposes to substitute for the sinews of these men the 
action of steam power, and with this intention he considerably 
amplifies the usual dimensions of a retort in order to obtain in 
one distilling apparatus as much, if not more, heating surface 
than isnowlouna in a whole bed of sixteen retorts, 20 teetlong. 
This he does for the purpose of having the floor of retorts dl 
on the same level, in order that the steam apparatus used for 
charging and drawing one of them may be adapted to the others 
by only moving such apparatus upon rails in frbnt of the retorts. 
Then he describes a huge retort, 30 feet long, 2 feet high, and 
9 feet wide, built of bricks, and having at each end a cust-iron 
mouthpiece plate, contrived for receiving a luted lid, which is 
firmly secured by screws and cotters. Ihis retort is provided 
with two or more orifices at the top, by which the charge of coala 
is introduced by tilting wagons running on railways. The o 
BO introduced into tlio retort are then spread equally over 
' by the aid of a rako, which forms the head of 
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Torked by a steam engine. The charge of coal ie six tons, 
forming a layer It) inches deep. When the charge ia worked 
off the coke is pushed out in one cake by the asaiatance of the 
steam rack, the head or rake of which being for this purpose 
inverted, ao aa to act with its head instead of iis teeth. The 
rack with the rake at the end of it is of caat iron, and slides in a 
east-iron| frame, and receives its motion from a steam engine 
fitted to the frame, motion being transmitted by the ordinary 
mechanical contrivances. In order that the same steam apparatus 
may be tendered serviceable for working twenly-four retorts or 
more, the frame rests on a system of wheels running upon rails 
parallel to the front of the retorts. The steam is conveyed by 
means of a pipe placed in a casing and surrounded by sand or 
other non-conductor, and running the whole length of the beds 
of retorts. This pipe is provided with outlet branches and 
cocks between each two retorts for the purpose of delivering 
the steam to the engine through a movable conducting pipe. 
This arrangement was a cumbrous one, and never came into 
use. 

In describing the next step towards the production of a 
steam stoker, we may pass by those arrangements for which a 
number of patents have been granted from time to time, in 
which the mechanical feeding of coal by an archimedean screw 
through a retort and the delivering of coke or breeze (for coke 
it cannot be) at the other end are the chief features. However 
desirable the working of retorts by this description of machinery 
may be, there is the great drawback of bad coke or none at all 
being produced, which every gas manufacturer knows to be a 
serious disadvantage. 

The next arrangement of steam stoker was that of Mr. Green, 
of the Preston Gas-works, in 1 860, shown in Fig. 4, which is the 
first that professes to draw and charge ordinary retorts. Great 
credit is due to Mr. Green as having been the pioneer of drawing 
and charging machinery in retort-houses, his tirst attempt being 
the basis upon which succeeding macliines have been constructed. 
It consisted of a fi-amework mounted upon four wheels running 
upon rails parallel to the front of the benches of retorts, and 
waa worked by a continuous shaft, which was carried the full 
length of the retort-house, and communicated motion to the 
machinery. The rake and scoop were mounted upon a table or 
platform, capable of being raised or lowered to the varying 
heights of the retorts. A long screw driven at a rapid rate 
propelled the rake and scoop into the retort, and a reverse 
action withdrew them, while the rake-head as well as the scoop 
were reversed by hand, and the scoop was also filled by hand 
from the retort-house floor. It was found, however, that this 
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amngement would not answer, and it oerer got beyond tho^ 
piovisioDal Bpecificatiou, and like the previoos inventioa wu 
abandoned. 

Kelt comes the Best and Holden maclime, seen at Fig, 5J 
It was firat erected and tried experimentally at tbe Horeeferryl 
works of the Chartered Gas Company. The Alliance Gaa Com- 

Cy of DnbUn, having occasion in 1867 to erect a new retort- 
ee, made arrangements for the introduction of this machine 
there, as they liad been annoyed by strikes among the stoken. 
The retorl-house was accordingly built to receive four of theae 
machines. Thirty benches, of nine retorts each, were conr 
stnicted to suit this new system of drawing and cha^ng. The 
nine retorts were set in a bench at equal distances from eacbJ 
other, in three rows of three retorts each, one above the other d 
this arrangement being necessary as the machine draws orS 
charges three retorts at a time. Each vertical file of three 
retorts opened into a common chamber, which was closed with 
one door after the retorts were charged, one ascension pipe 
from the chamber conveyed the gas to th^ hydraulic mam. 
The door was planed for 3 inches on its face, to come into 
contact with a coiTesponding planed surface on the chamber or 
mouthpiece, so as to make a gas-tight joint when tightened np 
by three cross-bars driven into wedge-shaped lugs. After soma 
time theae doors, which were 7 feet long and 2 feet wide, were 
found to fail, tbe great heat causing them to expand unequally, 
and the heavy blows on the croas-bars necessary to bring the 
planed surfaces together making them warp and twist ; these 
doors have been superseded by luted lids. 

The machine consists of a strong combined framework of 
wrought and cast iron moving on flanged wheels upon rails as 
in the previous machines. The benches are elevated, and the 
machines run on a stage nearly level with the bottom retorts, 
and the stage is supported by a double row of columns placed 
under the rails, A platlbrm on the framework of the machines 
carries an upright boiler with a duuble-cylinder engine attached. 
The engine, which is fitted with common link reversing gear, 
drives a shaft, upon which are geared two pitch chains attachedj 
to two carriages, having four small wheels running upon tiu 
inside flanges of two girders, and carrying respectively the thre 
rakes and the three scoops. 

Above the carriage is a hopper, supported by columns from 
the bottom framing, lor containing the coals for a charge. Th< 
machines on either side of a range of benches take in thei 
supply of coal and water, and a section, or nine retorts, havini 
been opened, they advance along the rails till they are opposite— 
three. The rakesman throws up the head of the raketil 
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and tbey are sent forward into the retorts. When in the centre 
of tbe retort he lowers the rake-heads and they are drawn out, 
and the heads being at right angles to the retort, bring out the 
coke before them, which falls into a wagon under tho stage, 
when it ia cooled and wheeled away. The machine b then 
moved forward to the other open retorts, draws out the coke in 
the same manuer, and returns to the three retorts it first dis- 
charged. Coal ia then let down from the hopper into the scoopa 
and they are sent into the retorts, and then turned over by the 
release of a stron;^ spiral spring, and withdrawn thus inverted. 
They are turned back to their proper position hy a rack acting 
on a wheel compres.4ing the spiral spring, which is held com- 
pressed by a catch till again released. 

The scoops are thus reset and held in position for their next 
charge of coal, when the machine proceeds to charge the other 
six retorts in the same manner. One man drives the machine, 
two trim the coal into the measures in the hopper, and one 
guides the coal from the hopper into the scoops, and also closes 
the doors as the retorts are charged. When the section is 
finished the machines take in a fresh complement of coal and 
water for the boiler and rakes, they get a little cleaning and 
oiling, and are ready for the next section as the time for draw- 
ing again arrives. 

A system of signals by steam whistles regulates the working 
of the machines on the opposite sides of the retort-house, othei> 
wise the rakes or scoopa would meet in the centre of the retorts, 
and probably get damaged; so as soon as the rakes of one 
machine have taken hold of the charge of coke the engine driver 
signals to the other macliine to enter, wliich then takes hold of 
its charge. The same is done when the scoops are sent in; 
the driver signals when his scoops are reversed, and the opposite 
driver sends in his. By these means a collision is avoided, and 
yet it leads to no delay, No. 2 machine keeping a few seconds 
behind No. 1. When in full work the retorts are drawn and 
charged at the rate of 60 per hour, or three times as quickly as 
by hand. The quantity of coals put into each retort la 20 cwt. 
per twenty-four hours, the retorts being 18 inches diameter and 
20 feet long. This quantity varies at times according to 
whether coal or cannel is being used. 

Engineers who have seen these machines at work have made 
objections to them, the principal ones being that they charge 
three retorts at a time, thereby lowering the heats of the bench 
considerably, and that they require the whole of the retorts to 
be set in the same fixed positions; consequently, before the 
ijoachines can be adopted, all the retorts must be set to suit 
" "lem, and if any repair ia needed to one retort, two others must 
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be idle. It also requires the retorts to be set on a stage, an 
ftiTangement not generally approved of. Others say the weight 
of tlie machine is too great, and the wear and tear and conse- 
qaent expense excessive. Sume of these objections may be met 
by saying that when gas companies are about to build new 
retort^honses, arrangements could bo made for setting the 
retorts to suit the machines, and althongh they may be more 
costly settings, and necessitate the use of a Btage, yet the advan- 
tages of machine work would be gained. 

A supposed improvement on the Best and Holden machine 
forms the patent of Mr. Holden, shown at Fig. 6, and two 
machines have been erected on this principle at the Eeckton 
works, and have been at work there some time. They are 
driven by an endless wire rojie from a stationary engine at the 
end of the retort^house, and each machine consists of a frame- 
work mounted on wheels supporting carriages to which are 
attached three rakes and scoops, as in the Best and Holden 
machine. The rakes and -scoops, however, are capable of being 
swung out at right angles to the retorts, so that only one or two 
may be charged or drawn at pleasure; thus any one of the 
three may be left oif lor "scurfing" or repair, wliile the other 
two in the same file may be at work. This machine does not 
carry its own coal, but the scoops have to he filled by hand. In 
the course of time arrangements are to be made for filling them 
from a shoot at the back of the stage ; the scoops swinging 
round to receive their charge of coal, and back again to deposit 
it in the retort. The mouthpieces are closed singly, and nave 
one ascension pipe to each. 

Some four years ago Messrs. Dunbar and Nicholson patented 
a single-scoop machine, shown at Fig. 7, which was tried at one 
of the Loudon works, but its working presented no advantages, 
and it has not been adopted; the complicated action of the 
machine, and the expensive character of the arrangements for 
adopting it in a retort-house being against its use. The 
macliine was suspended from travelling girders overhead, which 
moved up and down the retort-house like a travelling crane, 
one rail being attached to the wall of the house, the other being 
supported upon columns in front of the benches. It received its 
steam through a pipe running along the retort-house wall from 
a stationary boiler, and the whole of the machinery moved 
backward and forward in going in and out of the retort. The 
Bcoop was filled by hand from the floor of the house, and turned 
by hand in the retort. The rakes were a series of blades fitted 
intf " scoops, which were put into the retort inverted, and 
t le action of a hand-wheel and gearing, the rakes were 

nd and cut off the coke in sections to he drawn out. 
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K whole machinery was capable of being raised and lowered 
8 to enable it to command any one retort in the setting. 
Tlie next syBtem for notice is that introduced by the author, 
and which is Known as the Somerville and Kobinson machine, 
seen at Fig. 8. This arrangement embodies improvements 
euggested by aeyeral years' experience with the Best and Holden 
machine at Dubb'n. Having from time to time made improve- 
ments upon the Best and Hoiden machines, so that they worked 
more satisfactorily each succeeding year, and realizing the 
advantages of machine work, and the desirability of adapting 
machinery to the charging and drawing of retorts as at present 
eet in the other retort-houses of the Dublin works — that is, in 
benches of sevens — these machines were designed, built, and set 
to work some twelve months ago, and are now working, and 
giving every satisfaction. In this arrangement there is one 
machine for charging and another separate machine for drawing. 
Each machine carries a small boiler and engine of about two 
horse-power, with the necessary gearing, and runs upon an 
inverted bridge rail sunk level with the retort-house floor, 8o 
that there may be no obstruction to wheelbarrows or to the 
ordinary work of a retort^house. 

The machines are each composed of three lattice girders, con- 
nected together and supporting the boiler and engine, and 
carrying a framework of wrought T-iroi- Within this ii'ame- 
work ia a platform, carrying the rake or scoop, and capable of 
being raised and lowered at pleasure to suit any height of retort. 
I Thus, with thehorizontal motion of the machine upon the rails and 
The vertical motion of the platform, the rake or scoop commands 
my retort, whatever may be its position in the bench. The rake 
d the scoop each have motion given to them by means of a 
ain passing over suitable pulleys driven by the engine. The 
KJp receives its coal as it enters the retort from a shoot, it 
ving been raised by an archimedean screw from the hopper 
*at the opposite end of the machine. The hopper is supplied by 
a man from the floor of the house in the absence of any over- 
head arrangement. 

The method of working this machine is as follows : One man 
takes off the lids of the retorts of one row, the drawing machine 
moves opposite to one retort, sends in the rakes, and at one 
draw brings out the coke, and then moves on to the next retort, 
and the charging machine comes up to the discharged retort, 
and puts iu the charge of coals. The acoop is made double, 
and forms two small scoop, hinged together, and discharging 
in opposite directions, ao that in turning the coal is spread well 
over the surface of the retort, thus utilizing the greatest amount 
of heating surface in the retort. As the retorts aro charged, the 



146 



OHASGnfQ A.VD DRAWnfG GAS BBTOIITS. 



man who preceded the drawing machine, and took off the li 
now follows the charging machine, closing the retorts. T 
boys drive the machines, one man fills the coal into the hopper, 
and another attends to the taking off and putting on of the lids 
or doors. The platforms of the machines are now altered to the 
level of the row of retorts to be drawn and charged next, and 
those operations proceed as before. By these airangementa tha J 
retorts are exposed to the action of the atmosphere a much 'i 
shorter time than in the case of hand labour, as the stokers 
generally " slack out " ten or a dozen doors at once, and draw 
them all before charging any, thus leaving the first drawn 
retort a long time to the cooling atmosphere, whereas with tha 
machine the retort is charged directly it is emptied, an advan- 
tage that must bo appreciated by all gas engineers. 

The machines are in constant action from 6 A.M. to 6 A.M^ 
with the exception of the breakfast and dinner hour for each 
" shift." The retorts are timed so as not to fall due at those 
hours. The work of drawing and charging is done with a regu- 
larity that cannot be attained by manual labour ; the retorts 
are supplied with the maximum quantity of coal they will take, 
and the quantity does not depend upon the caprice of a scoop 
driver. The coke must be raked out clean, and a quantity 
cannot be left in, as is often the case with manual labour, when 
the eye of the foreman is not on the men. The same quantity 
of gas is made on Saturday nights and Sundays as on any other 
day of the week, a result not often obtained with hand labour. 

The two machines draw and charge at the rate of 42 retorta 
per hour ; and, allowing two hours for the meala of the men, 
30 benches of sevens is the full work for them. Thos 210 
retorta can be charged twice in 12 hours, or four times in the 
24 hours, with 2^ cwt. of coal per mouthpiece for retorta 
18 inches diameter and 20 feet long, the size oest suited to the 
machine. This is 10 cwt. per mouthpiece, or one ton per retort 
per 24 hours, or 210 tons are carbonized per diem, makingj 
per week 1470 tons, at a cost, in Dublin, of a little over 6d.per ton, 1 
The following is the estimate of cost : — 

Eight drivers at 21a £8 8 

Four lidmen at 25* 50 

Four coal tillers at 25fl. 5 

Four boys, luting, at 15s. 3 

Two caldrons of coke per day, or 14 per 

week, at 18s " 12 12 

Oil and waste per week 2 16 

£36 16 
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s work Ly hand labour would require one atolter to 
B retorts, or 46 stolters at 35s.^80/, lUs. per week — which 

le rate of la. 1 ^d. per ton, showing a saving in favour of 

the machine labour of 7ld. These are the ratea of wages in 
Dublin. If Loudon wages were taken for the calculation (aa 
perhaps they ought to be), and London stokera being paid 3S». 
per week, it would add another 2d. per ton to the cost for 
stoking, and from statistics the author has received from some 
of the London works, he finds the stokers' wages per ton of coala 
amounts to Is. 3d. Probably the wages of eugine drivers and 
lidmen for the machines would also be a little higher, but with 
machines in full action there would be a saving of 8d. per ton 
on the coal carbonized. Now a saving of 8d. per ton of coal 
amounts to the sura of 3333^. Gs. for every 100,000 tons of 
coal, so that the adoption of the machine means not only the 
eeneral advantages pointed out, but a large saving in the car- 
ooniziug department. Against this it may be said that there is 
the interest on money expended, and the wear and tear of the 
machines. Two seta of machines to work a range of 30 benches 
will cost 1500/., and in case of accidents or breakages it would 
bo well to have a duplicate machine, which costs a further sum 
of 700/., or 2200/. for tliree sets. This amount, at 10 per cent, 
per annum, or 220?., is about ^d. per ton of coal carbonized, 
and in taking this into account it must be borne in mind that 
in lieu of the machiues, scoops, rakes, shovels, and other tools 
must be used, and it is well known how soon they wear out. 

The cost of wear and tear for machines does not exceed that 
of the i-etort-house tools, and is, in fact, barely as much, for if 
the wages of two or more blacksmiths and their strikers, which 
are continually required for the repair of the rakes, scoops, &c., 
be taken into account, together with the smithy fuel, iron, 
&c., for repairs, aa well as the tools of the smith's shop, it will 
be found that the wear and tear is in favour of the machine. 

There is no doubt that it will be some years betbre the use 
of these machines becomes general. Gas companies as a rule 
are very conservative, and look upon anything new as uncertain 
and unreliable until well proved. But some notice is beginning 
to be given to drawing and charging machineiy, both at home 
and abroad, and a great number of patents are being taken out, 
no less than four gas engineers having applied for patents since 
the commencement of thepresent year. These are Mr. Mann, 
of the City Works ; Mr. Foulia, of Glasgow ; Mr. Richards, of 
London ; and Mr. Taylor, of Oldham. In America a patent haa 
also been applied for by Mr. Kowland, at Greenpoint, Long 
Island, for drawing and charging gas retorts by machinery. 
Hence it appears that interest is awakened, and aa the nse of 
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ments. 

Among others who have seen the macbines, and have taken 
an interest in their working, are some of our leading hydraulic 
engineers. They liave carefully watched their working for the 
purpose of introducing the hydraulic principle as a motive 
power instead of steam. But they have abandoned Ihe idea, 
although models have been supplied to some of the firms for 
the purpose of experiments in their workshops. They have 
stated frankly that there would be no advantage in substituting 
water for steam, but that it would be much more expensive 
and very troublesome, owing to the constant motion of the 
machines up and down the retort-house. The notion of having 
a small accumulator on eacli machine was also given up, aa 
being too costly. There cannot be a more simple and easily 
managed driving power than the small engine attached to each 
machine, 

The continuous system of gas manufacture by machinery 
advocated for some time past, particularly by Mr. Bower, of 
St. Neots, has now become an accomplished fact. The machines 
start at 6 o'clock, draw and charge No. 1 retort, and go on to 
one after the other until the whole 210 retorts are completed 
at 12 o'clock. When the charge of No. 1 is exhausted of its 
gas, the machines are ready for it again, and so on for the next 
six hours, going through the whole consecutively. The coal 
being spread over a large heating surface 3 inches deep, is 
carbonized equally throughout, not as is sometimes the case 
with careless stokers, when a half-burnt mass in the centre m 
often drawn out ; on the contrary, the coal lies in the retort 
undisturbed, while it agglomerates into hard, useful coke. As 
soon as the gas is produced, the coke is quickly withdrawn, 
and the coal as quickly charged, to undergo the process under 
the most favourable conditions for extracting good gas and 
leaving a valuable coke. 

A new range of benches in sevens was built last summer ia 
Dublin. As they were to be worked by machinery, the 
usual stereotyped arrangement was not adhereil to. The 
arrangement consists of brick retorts 18 inches diameter and 
18 feet long, heated hy one fire instead of two, and 
having one mouthpiece with one ascension pipe, the other 
end having merely an iron rim adapted for- a luted lid. 
There is one length of hydraulic main to each bench, with 
a varying water-Tine arrangement, so that when the retorts 
are charged there is no seal to the dips. By the arrange- 
ment of flues the benches are admirably heated with one fur- 
Jiace, thus saving largely in fuel, wear and tear, and labour^ 
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sod when worked by machinery the result leaves little to be 
desired. 

Although it may be some years before machines come into 
general use, tliey will surely, although slowly, supersede hand 
hbour, and whether the machines of the future he Best and 
Holden'fl, Holden's, Bomerville and Bobinson's, or any other, it 
matters not, so long as the advantages of mechanical stoking 
are secured. 

» DISCUSSION. 

B Mr. H. GoBK said he thought that before dealing with the 
' OTieBtion of mechanical stoking it was very important they 
should take into consideration what the operation was to 
which the mechanical process was to be applied. Some 
years ago he had considerably to do with the application of 
machinery for the purpose of stoking boilers for the generation 
of steam. Many gentlemen present would no doubt remember 
the machines proposed by Mr. Williams, Mr. Jukes, and some 
other inventors, and were aware that in the attempt to apply 
machinery for this purpose there were very serious obsiacles in 
the way, because the rate of combustion or the amount of power 
or force to be generated by the fuel supplied by these machines 
was unequal There were many circumstances which the 
machinery could not control wliich entered into the considera- 
tion, and in applying that rule to the employment of stoking 
machinery in the generation of gas he thought the question 
must at once arise whether to make it successful it would not 
be necessary, more or less, to have automatic firing. It appeared 
to him that the great question they had to deal with was not 
the quantity of coal to be put into the retorts or the facility of 
putting it in and of removing the coke after carbonization, but 
an arrangement by whicli the coal put in should be in a fair 
proportion to the amount of beat to be given out by the famaces, 
and tliat such an amount of coal only sliould go into the retorts 
as they were capable of bearing. Whatever process of stoking 
was adopted, the firing in the furnaces could never be so adapted 
as always to carbonize the same amount of coal in the retorts. 
A coal might be employed which would give o£f its gas more 
rapidly than another kind, or there might be a greater or less 
amount of moisture in it. If there were a greater amount 
of moisture in the coal than usual, the temperature of the 
retort would be reduced, and a larger amount of heat in the 
furnace would he required to evolve the gas in the coal ; ifi on 
f_4he other hand, the coal was exceedingly dry, tho retort would 
Brease in temperature. The question therefore, as he had 
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mid, was not bo mach the meclianical arrangement for potting 
coal into the retort, as that of providing that every equivalent 
of beat generated in the furnace shoald represent an equivalent 
proportion of gaa when that heat became latent. It must be 
ttorne in mind what it was that took place wheu coal was put 
into the retort. The coal underwent a process of dry distilla- 
tion, gae was given off with greater or leas capacity for absorbing 
heat If the amount of heat derived from the furnace was not 
adequate to the distillation of the quantity of coal iutrodnced, 
there would be immeditttely a reduction in the product of gas, 
and an increase in other produeta in the shape of tar and 
amtnoniacal liquor. All these were difBcnlties which meeha^ 
nical stoking could never meet ; because, if to be of any valae 
at all, the machinery must be continuous in its operation. The 
machinery could not be stopped to ascertain whether the retort 
would bear a shovelful more of coal or not. If the heat was in 
excess of that which was required for the quantity of coal pat 
in, there was so muih fuel wasted ; if below, then a less quanlitj 
of gas would be produced, and again there was a proportionate 
loss. He did not offer tliese remarks with any feeling of preju- 
dice against machinery; for he was convinced it was to the 
interest of gas engineers to promote every invention which had 
ft tendency to improve the processes of manufacture in which 
they were engaged ; bnt these were objections which would have 
to be taken into consideration before an unqualified assent was 
given to any description of mechanical stoking. 

Mr. Mellor said it seemed to him that all stoking had to be 

guided by the eye of the stoker as to how much coal should 

be put into the retort, according to the heat of the retort. 

■ Kow, although the contrivance bronglit under consideration 

I hy Mr. Bomerville was strictly mechanical, atiU it must be 

' iwmeinbered there would always be a man's eye to guide the 

I machinery and regulate the quantity of coal put into tJie 

I Kiopps. and there was just as much chance of doing it properly 

' by tiie machine as by the shovels now in use. This remark 

I Rluns would answer Mr. Gore's objection. He did not say that 

|b*ro should be the same quantity put into every scoop ; any 

[ auKotity desired might be put in, and as there would be a fore- 

FHMB in charge of the machinery there would be not the slightest 

I difHoiilty in regulating the matter. As to the elimination of gaa, 

' he «iitl ut>t' ^^^ ''''^*^ ^-^"-^ ''^"^ anything to do with the stoker; or 

■(.pi r was produced or less, more ammoniacal liquor 

3 he did not think Mr, Gore's remarks applicable 

F mechanical stoking. The retorts to suit the 

• were placed in much more regular order than 

1 system, and he thought gas managers ought 
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to pay every attention they could to an appliance of this kind, 
reaudne, as its object was to reduce, the cost of manual labour. 
Now, they all knew that if they could get a larger number of 
retorts supplied by one or two furnaces in one oven, there would 
be a greater regularity of lieat than when employing a smaller 
number of retorta. Supposing the retorts were not too large, 
the introduction of a large body of coal in a regular and even 
manner would not be so evil in its effect as if they were 
charged irregularly. The beat thanks of the meeting were due 
to those gentlemen who were endeavouring to supersede manual 
labour by mechanical apparatus. 

Mr. F. W. Haetley said he had had the opportunity to see 
Best and Holden's machine at the Dublin Works on several 
occasions, and he certainly had been surprised at the ease with 
which the whole thing was manipulated. At the same time he 
was struck with a sense of the clumsiness of the machine 
iteelf, and with the conviction that there was ample scope for 
great improvements in its construction. The figures given by 
Mr. Somerville on this occasion differed from tlioae which he 
submitted at the Gas Managers' Meeting in 1870, inasmuch as 
be now said the cost of working the machine was 6(2. per ton, 
whereas in 1870 he gave it at 3'65d, per ton, to which was to 
be added the charge for royalty to the inventors. He believed 
those gentlemen had undertaken a contract at 3d. per ton for 
working, and 6d, per ton for royalty ; any difference in the cost 
of working from the 3d. was to be divided between them and 
the company, making something like d'35d. as the total of 
the expenses. Now Mr. Somerville gave 6d. per ton as the 
expenses, and it would be interesting to know whether this 
fid. covered the royalty as well as the actual working expenses. 
He (Mr. Hartley) supposed it did not. Another point in the 
application of these machines which struck him as being of 
importance, was the effect they produced upon the retort settings. 
He had seen the machines in motion, and (perhaps prejudiced 
a little with old notions) bad entertained the idea that they were 
liable to destroy the settings at a much more rapid rate than 
hand labour did. It would be interesting to all gas men if 
Mr. Somerville would give the meeting the result of liis expe- 
rience as to whether the settings were deteriorated to a greater 
extent by the use of machinery than when worked by hand, and 
if so, what effect that might have upon the cost. lie was quite 
satisfied that if machinery could come into operation for the 
charging of retorts, it would be of the greatest possible advan- 
t^ej and taking the difl'ereuce between Is., or whatever the cost 
for hand labour was, and the cost of mechanical stoking, as given 
"* J Mr. iSomerville, there was clearly an economy in the latter. 
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It mnat also be remembered that after a while the royalties 
would cease, so that ultimately there would be a saving in this 
department equal to the whole cost of purifying the gas. 

Mr. G. AsDEBSOV did not know that he could be said to bare 
much experience in the matter; but, having frequently seen the 
machines in operation, be felt a little with Mr. Gore as well as 
with Mr. Mellor. He thought, though these gentlemen difTered, 
there was a great deal of truth in what they both said, for if it 
were taken for granled that the difificulty existed which Mr. Groro 
pointed out, it was clear that until that was overcome meclianical 
stoking would uot be so successful as to supersede manual labour. 
But the few times be bad seen these machines in action (he 
referred specially to Mr. Somerville's machines) he did not see 
that the objection applied very much, because there were means, 
to some extent, of regulating the supply of coal. In that respect 
it was unlike Best and Holden's machine. In the latter the 
three scoops were filled by a delage of coal poured into all of 
them at once, and the scoops were then sent into the retorts ; 
but Mr. Somerville's machine was not so constructed. The 
scoop as it began to enter the retort began at the same moment 
to be filled wifli coal, and the filling could be stopped, or partially 
stopped, during its progress. He (Mr. Anderson) apprehended 
therefore that there would not be much difficulty in regulating 
the supply of coal to the heat of the retort. He also thought, 
with Mr. Mellor, that when a man was employed who understood 
the setting of retorla, he would be well able to see that the heats 
were uniform. Such being the case, there need be no great 
hindrance on this score to the success of the invention. On the 
question of the comparative cost of wear and tear, be quite 
agreed with Mr. Somervilie, and he bad no doubt whatever, 
looking at Mr. Somerville's machine, that there would be a 
saving by its use over manual labour. There were some 
arrangements which tended to the conservation of the machinery 
which Mr. Somervilie" bad not mentioned. For instance, the 
rake be employed was hollow on the top, and there was a small 
stream of water percolating into the rake which kept it cool 
during the whole operation of going in and coming out. Tha 
rake never got very warm under any circumstances. With 
regard to the coat, there was no doubt in his mind that it 
was in favour of machine stoking. Great credit was due to 
Mr. Somervilie for taking up the question, because, as he had 
eaid, gas companies were a little afraid of entering into new 
undertakings of this kind. One great objection to Best and 
Holden's machine was the fact that, in applying it, all the 
retorts had to be set in a particular manner — a manner which 
did not exist in any gas-works in the kingdom, Mr, Somerville's 
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macliine, on the other hand, would draw retorts just as they 
happened to be placed at the present moment, which was a 
question of great moment to gas companies. 

Last December, when he (Mr. Anderson) saw the machine at 
work, it appeared to him to be pretty perfect, but he thought 
Mr. Somerville had not suflScient boiler power, for he noticed 
that the pressure did not maintain itself as the work proceeded. 
That was a small matter ; it only showed he wanted more steam, 
which, of course, might cause more expense, though he did not 
think it would be appreciable. There had better be a super- 
abundance of power than a deficiency. There was one matter 
he would make a remark upon, and it was this: it was well 
known that when gas retorts had been io action for a year or 
two, they would get hollow. He had seen retorts 3, 4, or 5 inches 
lower in the centre than at either end. That was a difficulty 
which would always exist; and whether those machines were 
capable of dealing with it he was not prepared to say. As 
to Best and Holden's machine, he was rather inclined to 
Mr. Hartley's opinion, that it might tend to injure the retort 
settings. The scoops were tremendously heavy, and they were 
all pushed in at the same time, so that an enormous force must 
be employed. All the scoops were drawn out too at the same 
time, and it was a question whether, if one happened to be bent 
more than another, they might not do it some injury in the 
process. On the whole he was inclined to believe that stoking 
by machinery would be some day un fait accompli, and he did 
not think any person could wish the contrary. The charging of 
retorts, although perhaps not the most laborious work to which 
a man could put his hand, was, like puddling iron, a hot job, and 
required great physical energy. It was also a dirty job, and 
probably no man who could get the same wages on any other 
work would willingly take to it. In the interest of humanity, 
therefore, he hoped that mechanical stoking would Hucceed. He 
hoped BO also in the interests of gas companies, to save them 
from the dangers of sti^iiea. In reference to strikes, however, 
he remarked that the men did not seem to understand their 
own force. Stoking, though a laborious job, was not an intel- 
lectual one, and human muscle was not very dear yet ; still, 
these men did strike, and demanded high wages ; and it would 
be to the interest of gas companies to show a little kindness to 
inventors, and not think to stand aloof till every new thing, 
which seemed to be designed for their advantage, was tried and 
fouod perfectly successful. In fact, if they did, nothing would 
ever be tried. Gas companies carbonizing from, say, 30,000 to 
' 60,000 tons of coal per annum, should try these machines ; and 
k-if a company were formed to let them out on hire the cost 
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would not be very great. If no good was secured by them, the 
fact of having trie<l and failed would ease their minda. He 
hud no doubt Umt further improvements would be achieved, and 
that in the result machinery would take the place of human 
labour. Science was eiiid to be tlie providence of man. It 
was well tbiit mechaniral should take the place of human 
labour, wherever it was practicable, under the guidance of the 
humau intellect. This waa a step in that direction, and he 
heartily wished it success. 

Mr. B. Harris said there was one question he should like to 
ask — vie. whether the machiues were adapted for drawing any 
other than circular retorts. Hitherto it had been taken for 
granted that the circular retorts were the only ones capable of 
being stoked by machinery, and nothing had been said about 
p retorts. He thought all gas engineers were agreed that in a 
iLUmauitarian point of view, if by machinery of iron they could 
manage to do the excessively hot work now done by human 
agency, it was very desirable ; but he was somewhat at issue 
with the writer of the piiper as to the prevention of strikes by 
the use of machinery. In fact, he thought that by its use gas 
companies would be liable to he put into greater difficulties, 
because the labour required for working the machinery would 
be of a more skilled character than that employed at the 
present time; consequently it would be far more difficult to 
replace the men on strike than with those whose operations were 
simply hand labour. On this ground, steam stoking might not 
be advantageous. In other respecte, a system of steam stoking 
would be a decided improvement, bearing specially in mind the 
saving effected as shown hy Mr. Somerville's figures. As to 
the question of the durability of retorts, he might say that at 
Beckton he had heard of a mouthpiece having been drawn off 
by the use of Best and Holden's machines, but since that 
accident the whole of the mouthpieces had been strengthened, 
' rbich had prevented a repetition of the mischief, 

Mr. Watson said he had listened to Mr, Somerville's paper 

nth considerable interest, dealing as it did with a question of 

ital importance to gas companies. There were, however, some 

'nta upon, which he should like to have further information. 

the first place, Mr. Somerville had given them the length, 

)ot had not otherwise given them the size of the retorts he used. 

_2e wished also to know the product per mouthpiece for each 

retort. The question of wear and tear had already been raised; 

but be flfeask further, whether the 6d. per ton as the cost of 

.Work 'ded the wheeling away of the coke from below the 

leces, as this was ao important element in coming 
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Mr. E, Gr. Bartholomew said, not being a gas engineer, lie 
did not propose to enter into any question of a technical olia- 
racter, but tfiere was a remark made by Mr. Harris to whicli be 
took exfeptioa^riz. the undesirableness of using machinery, as 
not tending to reduce the liability to strikes. EFfryone must 
see tbat a general remark of that kind was applicable to every 
case where machinery was introduced to supersede manual 
labour. It might be said that the introduction of the locomotive 
was not an improvement upon the old stage coach, because the 
engine drivers might strike, and the public would be in a worse 
predicament than before, and that we should go back to the old 
stage coach, as the driver might be more easily replaced. But 

. on this account he confessed he could see no argument against 
^e introduction of the locomotive. 
I Mr. Gr, LiVESEY said the difliculty abont trying the steam 

_ Hoker appeared to be that so few companies bad stage retort- 
bouses. There were stages in some of the London works, but 
not in all. The Chartered Company were trying the system 
at Beckton, and he was told that the Imperial Company were 
about to try it at Fulham, so that before long it would have a 
very fair trial in the metropolis. The whole matter, to his 
mind, was a question of iC s. d. He could see no force in the 
difficulty raised by Mr. Gore ; if there was any difficulty, it 
sboiild be remedied in the furnace, and not in the retort. If 
the retorts were not hot enough, that was the stoker's fault. 
It was a perfectly easy matter to regulate the quantity of coal 
in the scoop — quite as much so by the macliine as when employ- 
ing hand labour. In fact, managers did not wish tbat their 
stokers should have a discretion m the matter, as they might 
often use it to the detriment of the company by not putting in 
enough. It seemed to him that hitherto the machines had 
been made on far too cumbrous a plan. He had not seen 
Mr. Somerville's, but was told it was much less open to that 
objection than the others. The work of drawing and charging 
was in reality work which one man was enabled to do. The 
ecoop was really put in by the one man who held the X-piece; 
why, then, when machinery was substituted for manual labour, 
should the thing be made so cumbrous as some were, and why 
was so much power provided to do that which could, as he said, 
be done by one man ? The same remark applied to the drawing 
apparatus. He thought there should be some little adaptation 
of the machines to render them less cumbrous, and to enable 
tliem to work with a less expenditure of power. He was certain 
of this, that all gas managers would be glad to adopt it, and 
Uiough be went so fiit with Mr. Harris as to admit that the 
■-tbour it would require was of a more skilled character, it must 
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be rimembered that fewer lianila were necessary, and no doubt, 
in the event of a strike, most engineers in Loudon would be able 
to rommand a sufScient number of men tVom the yard, fitters 
and others, to drive the machine. It resolved itself therefore into 
a question of cost, and if Id. per ton could be saved on the coal 
carbonized, the steam stoker must come iato general use. At 
his works there had never been a single stage, but he waa now 
building a new retort-house witb a stage, punwaely to introduce 
the stoker, shonM the results of the experiments at Beckton 
and Fulham be such as to warrant it. 

Mr. Penny said he bafl not yet gathered from what Mr. 
Somerville had stated whether liia stoker could be used without 
a stflge. K it could be, its introduction to a great many works 
migiit be secured, where otherwise it could never be made 
available. It waa impossible to listen to the way in which 
Mr. Somerville had described his invenlion without a feeling of 
admiration at the manner in which he !iad worked out all its 
details; and, after listening carefully to all that had been 
said, he {Mr. Penny) was persuaded this invention must ulti- 
mately come into general use if it could be made to pay. No 
doubt, looking upon the question of gas making with a philan- 
thropic eye, it would be well if they could dispense with the 
hard and laborious toil which men employed in tlie retortrhouse 
had to endure ; but he was not sure whether the men themselves 
would thank the inventors of this apparatus for it. He did not 
agree witli Mr. Harris that its introduction would lend to 
increase the liability to strikes, because when this kind of 
machinery was once estabhshed, there would always be me- 
chanics to be obtamed who could deal with it, aud they would 
be more amenable to reason than some of the stokers now 
employed. He hoped therefore Mr. Somerville would be able 
to assure the meeting that, if it could not be done now, he 
would at soma future time adapt his charging machine to works 
where no stages existed. 

Mr, H. GoitE said in America there was a proposition to use 
such machinery without a stage at all The only thing pro- 
vided was a gutter, about 4 feet deep and 2 to 4 feet wide, in 
front of the retorts. In this gutter wagons ran, being drawn 
to and fro with a wire rope. Aa soon as the first was drawn 
up in front of the retort and filled with coke, it was drawn oa 
and another took its place. 

Mr. (J. WooDALL said that having seen Mr. Somerville's 
machine he could but express the satisfaction it had afforded 
him, and tlie confidence he had in its future success. He 
(Mr. Woodall) was surprised at the remarks which had been 
made as to the use of staging, when the drawings showed the very 
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plan which Mr. Gore said was adopted in America. He thought 
that Mr. Somerville, ia the macuine which he had invented, 
had removed a very large portion of the difficulties which inter- 
posed to prevent the use of steam stoking in the past. "With 
the cumbrous machine at work almost side by side with his at 
Dublin he (Mr. Woodall) could understand damage being done 
to the retorts. Machines of that kind were extremely heavy, 
and anything but siglitly to deal with. But separating the 
drawing from the charging apparatus — splitting the machine, 
as it were, in two — though adding perhaps to the coat of the 
working, was an unmistakable step in the right direction, 
as it simplified the apparatus for the work it had to perform. 
Mr. Somerville had also very prudently adopted his machinery 
to the mode of setting retorts, which the practice of many years 
bad sanctioned. Whether those settings were in all cases the 
best for gas manufacture might be a question ; bnt they were 
the result of careful study and practice during the past fifty 
years, and to have been asked to lay the system aside and adapt 
their settings to the new machine would have been an objection 
with many engineers. He quite agreed with Mr, Livesey that the 
general introduction of mechanical stoking must come to be a 
question of cost, so far as the actual performance of the work 
was conetmed. Mr. Somerville had demonstrated that the 
machine would answer entirely, and he (Mr. Woodall) was dis- 
posed to believe that whether or not at the present time there 
would be that amount of economy in the operation which was 
etated in the paper, it would be so eventually. Mr. Somerville 
might possibly improve upon it, and when brought into greater 
use than it now was in Dublin he might bring about such a 
result. He was inclined to think that in the estimate given, 
Mr. Somerville had counted too much upon the amount to be 
' got out of the labour employed, and had expected rather more 
! than could be gut out of one man. And here he could not 
help remarking upon the way in which the labour of stokers 
had been exaggerated and overdrawn. It had been represented 
that the practice was to work them incessantly during twelve 
houie a day, and to repeat that all through the year. Of course 
every gas engineer knew better. He wished to say one word 
in confirmation of Mr. Mellor's remark as to the ease with 
which the supply of coal was regulated to the scoops. I^othing 
could be more beautiful than the way in which this was accom- 
plished by the screw arrangement referred to. When he 
(Mr. Woodall) saw the machinery at work the heats were very 
low, but the charge was so readily adjusted to the state of the 
furnace that he uiought that even Mr. Gore would have been 
satisfied. 
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Mr. Colter said Mr. Gore epoke of the difficulty in tnecha- 
nical firing, and referred — specially, no doubt — to steam boileis. 
But the observations maae were not according to his (Mr. 
Colyer'a) experiencp, and he could mention many cases in which 
it had been carried out with great success for several years. 
Several gpntlemen had spoken of the difficulty ariBiug from 
Btrikes. ile had had some experience in labour-saving machi- 
nery of various kinds, and he never knew one in which there 
was not a liability to strikes; but the momeDt the men found 
there was less labour to be performed, that feeling and disposi- 
tion subsided very soon. In one instance in which a strike had 
occurred, the men finding that they could earn more money 
with the machine than without it, they very quickly came back 
to their work. Every engineer would bear him out that with 
all new machinery there were great difficulties at first, and 
with machines of this kind especially, simply because it was 
opposed to all the old notions. He instanced the introduction 
of lifting machinery at some of the wharves. A few years ago 
he had experience in connection with gus companies, and he 
knew there could be no practical difficulty in regulating the 
charges by this machine. He thought the only practical 
difficulty m its introduction would be the first cost of the 
machine. Probably that would preclude many small companies 
from adopting it. 

Mr, A. Williams felt at the outset that any contrivance 
which would reduce the coat of labour in the manufacture of 
gas must deserve the attention of an audience like the present. 
The introduction of a machine that would do the work of the 
stokers must be a benefit to all gas companies, provided it eould 
be done at a less cost than by the employment of manual 
labour. There were one or two points upon which he was not 
quite satisfied. He wished, in the first place, to ask Mr, Somer- 
ville in what state the rakes left the retort — whether they were 
very hot and whether they bent? Also with regard to the 
lasting power of the scoop. It was not like a scoop employed in 
hand hibour, that was placed on the ground to be tiUed ; this one 
never went on the ground. Mr. Anderson said something about 
the rake being tubular, and being supplied with water which 
kept it cool. He (Mr. Williams) wished to know whether the 
wat«r ran along the rake and so got into the retort. If so, it waa 
not a good arrangement, as that would tend to decrease the heat. 
He thought a simple tube, with air passing through it, would 
answer much better than employing water. There was one 
practical difficulty in drawing retorts which was very hard to 
deal wit"" ' that was the clearing away of the coke from the 
centre achine, as he understood, worked on both sides. 
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and he should like to know how the two rakee got the little bit 
of coke out of the centre, 

Mr. So«ERViLLE, in replying upon the diBCusaion, Baid he 
thought the gentlemen who had spoken had bo fully answered 
one another that it was not neeessary for him to aay much. 
They appeared to know as much about steam stoking as he did, 
so that he had veiy little left to reply to. Mr. Penny asked 
what was the smallest number of retorts to which this machinery 
was applicable. Confining his reply to Somerville and Eobin- 
aon's apparatus, he should say that in any works where the 
carbonization amounted to 15,000 tons a year, a considerable 
saving might be effected by its adoption. With the Beet and 
Holden arrangement, which had three rakes and three scoops, 
a carbonization of 30,000 tons annually would probably be the 
smallest sized works to which it was applicable. Mr. Penny 
also wished to know whether the machine could be used 
without a stage. The last-named did require a stage. Somer- 
ville and Robinson's did not. In the diagram on the wall, 
there was just such an arrangement of gutter and tnick as 
Mr. Gore referred to as being adopted in America. In reference 
to Mr. Gore's inquiry, be might state that in both the machines 
the quantity of coal could be adjusted. In the Best and 
Holden, the man who filled the scoops regulated the supply. 
If the heats were a little bit down, he did not put so much in ; 
if the beats were well up, he filled the scoops quite full. J3y 
the Somerville and Eobinson machine there were means for 
regulating the supply by a screw ; but asually as much coal 
was put in as possible, and the dampers controlled the waste 
heat. By that arrangement the heats were kept up to the maxi- 
mum. Mr. Mellor's question bad been answered. Mr. Hartley 
referred to some estimate given by him (Mr. Somerville) on a 
previous occasion as to the cost of working the Best and Holden 
machine a few years ago — viz. 3"35d., plus 6d, for royalty, 
which was a different amount to that given to-night. The reason 
of the increase was that wages had risen from 20 to 25 pet 
cent. At the present time the cost of working the Best and 
Holden machine would be about 5^d., or a halfpenny less than 
the cost by Somerville and Eobinson'a Mr. Hartley also wished 
to know the amount of deterioration to the retorts which arose 
from the use of machinery. There was none whatever. In his 
Biperience there was no more deterioration or damage done to 
the retorts by the use of the steam stoker than by hand labour. 
Mr. Anderson's objection to the size of the cylinders and the 
boiler could, under the Somerville and Eobinson arrangement, 
' e easily overcome. The machine at Dublin was made at his 
rorks, and he erred perhaps on the side of lightness. In the 
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next machine to be made he would have a double cylinder I 
iDBtead of a single one, and would have a boiler of about 15 per 1 
cent, greater power. Mr. HarrU wished to know whether the J 
machines were applicable to any section of retorts. They had ■ 
hitherto been confined solely to circular retorts, and in hia 1 
(Mr. Somerville's) opinion they were the beet ; but the Imperial 
Company were having some machines made to di'aw D retorts 
in a bench 9 feet high. He waa himself now devising a sort of 
split rake for the purpose of drawing Q retorts. There v 
little difficulty iu the matter, but he thought it might be over- J 
come. He did not agree witii Mr, Harris that there was more j 
likely to be a strike with skilled men than with the ordinary 1 
labourers in a' retort-house, for he thought skilled men were a ] 
little more reasonable. The number of men also was so much I 
reduced that the chance of a strike was necessarily less. Ho I 
understood tliat at Beckton Mr. Trewby took off all the skillflel j 
men and worked the machine with but little reduction of speed I 
with merely the common labourers from the yard. In reply to 
Mr. Watson, he stated that the retorts were 18 feet long and 1 
18 inches in diameter. The Best and Holden machines worked i 
20 feet retorts of 18 inches diameter. The result was over ] 
5000 feet per mouthpiece for cannel and coal ; but the dif- 
ference in one place and another could hardly be entered into. I 
There was no reason why the same amount of gas per ton of j 
coal should not be obtained with the use of machinery aa by I 
hand labour. In reference to Mr, Williams's inquiry, he thought j 
it was stated in the paper that the difficulty suggested had T 
been overcome, and the little bit of coke in the centre was not 
left in. The fact was the rakes were made a foot longer than | 
usual, and they lapped over one another in the centre. In hia 
machine the rake handles were V shaped, having a hollow 
trough 2 inches deep, constantly filled with water. The rod 
which raised and lowered the rake-head worked in this trough, 
and the water did not get spilt into the retorts, and the rakea 
were kept perfectly rigid. The scoops were not more liable to 
damage than ordinary scoops, which were sometimes dropped 
on the floor. The wear and tear was much leas than in the 
case of band scoops. 

The President said that Mr. Somerville had given them a 
most interesting paper, and there had been an equally in- j 
terestine discussion upon it. He (the President) thought, on the | 
. score of humanity, there was no doubt that these machines would 
be used universally, if it waa possible to use them successfully j 
— i. e. successfully not only in a mechanical point of view, but 
commercially. No doubt, like all new machinery, the system 
had its difficulties, but from the description Mr. Somerville had I 
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' given it really seemed as if in his apparatus he had overcome 
file moat of them practically. One great advantage of this 
apparatus was that it wfts adapted to all classes of settings, which 
was a very important matter, for it was well known that there 
was a variety of opinions among gas engineers on the subject 
of the best mode of setting retorta, and it was difficnlt to find 
two tliat would entirely agree. Eetort setting of the best 
description was a matter to which a great deal of attention had 
been directed, and it entered so largely into the profits of a gaa 
company, that there was a good deal of emulation on the subject. 
The man who could get the moat gas out of a given surface of 
retort was the best manager. It did not appear to him that 
L there were any difficulties in the way of the practical and 
Igeneral use of these machines, which might not be met and 
Vaisposed of, and he could not but think there was sufficient 
mechanical skill and perseverance amongst the engineers of 
this country to perfect them, and adapt them completely for 
the use intended, more especially when it was eouaidered that 
in one of the most difBcuIt processes, that of puddling iron, 
machinery had been successfully iotroduced to supersede hand 
labour. A remark had been made about the want of success in 
mechanical stoking for steam boilers ; he could only say that 
for some years lie had had experience with Juke's patent 
furnaces, which worked admirably. By the use of that machine 
email coal was able to be employed in place of large, and both 
mechanically and commercially it had been a success. The 
success of machinery for retort stoking must be judged on a 
commercial basis, for after all, in manufacturing operations, 
that was the true test. But it occurred to him that if gaa com- 
panies could use it practically as machinery only, without any 
remarkable commercial advantage, they would pi-efer it for 
the many reasons already suggested. He thought therefore 
Mr. Somerville and those who had gone before him had done 
them good sei-vice, and he wished them all the success which 
their inventions merited. 
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J. H. ADAMS, ViCB-FaBsiDBNT, in the Cha!B,4 

RAILWAY TRAIN INTERCOMMUNICATION". 

By S. Alfred Vablet. 

The subject of railway train intercommiinication has engaged 
attention ever since the iBtroduction of steam locomotion, but 
during the last twelve years train intercommunication has 
received increasing attention. It has been reported upon again 
and again by the inspecting officers of the Board of Irade, and 
committees of general managers have from time to time had 
the matter under their consideration. In March, 1853, a sub- 
committee of railway managers (appointed by the Eailway 
Clearing House in the latter end of 1852) issued a report in 
which they recommended the establishment of a communication 
between the guard and driver, but with regard to the question of 
giving passengers the means of signalling they reported aa 
follows ; — 

" Without overlooting the possibility of such an arrangement 
being occasionally of service, the committee have beeu unable 
to persuade themselves that it would not lead to greater disas- 
ters than it could, on any view of the matter, prevent. Unless 
the guards and engine drivers had orders to stop the train 
whenever a passenger made a signal, the privilege would be 
useless to the latter. It, however, requires little acquaintance 
with railway travelling to be convinced that its dangers would 
be greatly increased if the train were to be stopped wheneyep 
and wherever a passenger under the influence of fear or levity- 
chose to make a signal," 

Many attempts at a comparatively early date were made to 
utilize electricity for communicating between guard and driver, 
and in 1855 the London and North- Westei-n Sailway Company 
spent a considerable sum of money over Mr. Gluckman's inren- 
tion for this purpose, but had to abandon it, aa it did not prove 
effective. In France also the question of communication between 
different parts of a train whilst in motion has received a great 
deal of attention, and a French commission of inquiry, appointed 
in February, 1861, reported that "an electrical communication 
only would solve the problem," but, for reasons stated in their 
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report, they did not then recommend giving paesengera faeilitiea 
for signalling. Experiments were, however, made on the French 
railways, and the Chemin de Fer du Nord, after experimenting 
for some years, fitted up all their rolling stock with electrical 
apparatus, 

In 1864 a great step was made towards the establishment of 
passenger communicatioQ in this country. A sub-committee of 
railway managers was appointed to consider " the possibility 
of adopting some means of communication between the different 
parts of a train whilst in motion." This committee by publio 
advertisement invited " persons having inventions professing to 
accomplish the object to submit them for examination." A very 
large number of designs was submitted and examined, some of 
which were recommended for trial, and a report was issued on 
April Ist, 1865, in the final paragraph of which the following 
passage occurs r — " The sub-c-ommittee is, however, of opinion 
that it is desirable, if practicable, to give passengers by express 
or other trains rannmg for a considerable distance witnout 
stopping, the means in cases of emergency of attracting the atten- 
tion of tile guard, and of enabling him to. stop the train at the 
next station, or under the protection of the next fixed signals, 
and they recommend that no effort should be spared on the part 
of the railway companies, &c., to effect this object." In Decem- 
ber, 1864, Messrs. VV. H. Preece and Bidborough patented an 
electrical system of communication, similar in many respects to 
that adopted in France on the Chemin de Fer du Nord. This 
was followed thirteen months later by another electrical system, 
the invention of Mr. C. V. Walker, and a month after this by an 
electrical system patented by the author in conjunction with Mr. 
S. M. Martin. Mr, Preece's system has been chiefly tested on the 
Sonth-Westem Railway. Mr. Walker's system has been adopted 
on the South-Ei^tem Kailway, and the author's system was fitted 
to Her Majesty's train on the London and North-Western Ruilway 
in May, 1866, and has been in use on that train for six years. 

During the session of 1867, a bill known as the " Passenger 
and Guard Communication Act " was passed through the House 
of Commons. In the House of Lords the bill was referred to a 
select committee, and afterwards withdrawn on the under- 
standing that further experiments should be carried out during 
the recess. These experiments were made on the London and 
North-Westem, the South- Western, the South-Eastern, and the 
Midland Railways. The author's electrical system was fitted on 
the London and North-Westem Railway to a train running daily 
between London and Wolverhampton. Mr. Preece's system was 
fitted to trains on the South-Western and Midland Railways, 
and Mr. Walker's system was fitted to trains on the South- 
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Eastern Railway. In these experiments, the better to test tlie 
commuDicatioD, it was arranged that the trains should be started 
from the etationa by the guard from the rear van by means of 
the electrical communication, and that the behaviour of the 
apparatus should be reiHJrted by the guards in their daily 
journals. In this way the electrical communication was tested 
from every stiition at which the train stopped. 

A very complete and exhaustive report of these experiments 
was macfe by Colonel YoUand to the Board of Trade on February 
21st, 1868, iu which, after giving in detail the arrangement of 
the experiments, the conditions under which they were carried 
out, and commentiDg upon the results obtained on each of the 
three railways, he expressed his approval of electrical communi- 
cation, summing up his remarks in these words : " I have already 
expressed my opinion, founded on actual experience gained, that 
it — meaning commimicatiou by means of electricity — is quite 
practicable. ' Colonel Yoliand's report was followed by the 
passing of the " Railway Regulation Act," which contained a 
clause rendering it compulsory on tlie part of railway companies 
to provide and maintain in good working order in every train 
running more than twenty miles without stopping, an efficient 
means of communication between the passengers and the ser- 
Tants of the company in charge of the train. 

In November, 1868, a meeting was arranged extending over 
two days to make final experiments, and took place at York on 
the 27th and 28th of the same month. Amongst the systema I 
which competed on tliat occasion were Harrison's cord system 
and the three electrical systems before referred to, Mr. ' 
Walker's electrical system was represented by a fitted train sent ^ 
down by the South-Eastern Railway. Mr, Preece's by two 
yehieles — a brake van and a passenger carriage — furnished by 
the South- Western Railway Company ; and the author's system 
by the London and Wolverhampton fitted train, sent down by 
the London and North- Western Railway Company. Two con- 
ditions (among others) had been laid down as essential in any 
system of communication to be adopted : (1) That the appsr- 
ratus should be easy of access in ease of need ; (2) That it 
should be detective, to prevent the repudiation of the signal if 
sent without sufficient cause. 

The results obtained at this two days' trial,' briefly stated, 
were as follows : Mr. Walker's electrical system failed at the 
first day's trial, and another trial was made the day after, whi<^ 
was more successful. Harrison's cord system failed so far as the 
detective portion of the apparatus was concerned, and could 
acarcely be considered to ftilfil the condition of being easy of 
iaa, as it necessitated the opening of a window to get at the J 
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cord. In other respects this system acted, signals heing sent 
from one end of the train to the other, and from the paaaenger 
eompartmenta to the front and rear of the train. The author's 
eystem proved succeseliil in all respects ; the apparatua was 
easy of access, was detective, and all the signals sent were 
received and acknowledged. Mr. Preece's system was also 
BOceeBsful, but as it was represented by only two vehicles it 
could st'arcely be considered to have been adequately tested at 
these trials. A mechanical system, however, appealed more to 
railway traditions than an electrical one, and at a subsequent 
meeting of the committee of railway managers it was decided 
to recommend the adoption of the cord system, the difficulty 
as to the detective portion being overcome by abajidoning 
it altogether. Accordingly, a deputation of railway managers 
waited on the President of the Bonrd of Trade, aud his pro- 
visional consent was obtained for the use of the cord — "The 
Board of Trade reserving to themselves tlie power of reconsider- 
ing the question in the event of tlie system proving defective 
when tried on an extensive scale." 

The South-Eastem Railway had already anticipated the Act 
Parliament by the adoption of Mr. Walker's electrical 
Byatem, and the approval of the Board of Trade was obtained 
for its continued use on that railway. The new cord system has 
HOW been tried fur nearly four years and has not proved success- 
ful. Its failure as a means of communication when resorted to 
on several occasions led to an official investigation in 1871, and 
on July 15th, 1872, to tlie withdrawal by the Board of Trade of 
their sanction of this system of communication. The difBculties 
which interfere with the efHciency of mechanical systems arise 
from the varying width, and the very composite character of the 
rolling stock of this country, causing considerable friction to the 
motdoo of the cord. The passage of the train from straight to 
curved portions of the line and vice versa, either slackens ot 
tightens tho cord, and tends to cause it to slip off the pulleys ; 
the pulleys also become fixed and useless, as pulleys, from the 
action of weather and dust. 

The author will nt>w describe the three electiical systems 
before referred to, which have been tried by the only test of 
real value, that of being fitted to daily nmniiig trains. He will 
then esplain the reasons which have led him to the construction 
of his special form of apparatus. Before, however, doing bo, he 
wishes to submit the following conditions, which he considers 
an electrical system of communicatiou may be fairly called 
upon to fulfil : 

1. 'J'he cost of the apparatus in the first instance and its 
maintenance afterwards should not be expensive. 
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2. All ports of the apparatus should be constructed to stand 
rough usage, and in the event of the carriages being forcibly 
separated, the electrical couplings should release themselves 
without Bu£feriDg any damage. 

3. The couplings and other portions of the system of com- 
munication should be capable of beiug easily tested, and any 
fault occurring localized by a railway porter, or anyone, whether 
he possesses electrical knowledge or not. 

4. The apparatus should be easy of access for the purpose 
of repair when necessary. 

* 5. The failure of one or more couplings in a train should not 
interfere with the efSciency of the communication. 

6. Should the fitted vehicle which has been standing for some 
time in an exposed situation be marshalled, and the electrical 
connections coupled without previous cleaning, the electrical 
continuity should be found to oe perfect. 

In the present advanced state of electrical knowledge, the 
successful application of electricity to signalling in trains ia 
more a mechanical than an electrical problem. What the 
electrician cbiL'fly requires is a circuit of metallic continuity. 
The securing this continuity in a train in motion, exposed as it 
necessarily is to dust, rough treatment, the action of the weather, 
&c., and liable also to be separated into various portions ou the 
road, or to have fresh vehiclefl added to it, depends chiefly on 
the mechanical construction of the various parts, and a recogni- 
tion of what each part is required to perform. In explaining 
electrical systems of other inventors, the author feels the diffi- 
culty of being himself personally interested ; be therefore pro- 
poses in any remarks he may feel called upon to make on 
inventions other than his own, to confine himself as much as 
possible to the broad principles of construction on which all 
practical men are more or less able to form an opinion- 
Mr. Preece's, Mr. "Walker's, and the author's systems are eo 
far alike that one-half of the electric circuit consists of an in- 
sulated wire running along or underneath the carriages, and 
the other half of the circuit of the railway metals and the 
wheels of the caniages. Mr. Preeee employs for his coupling a 
solid brass book, over which a galvanized iron eye passes, a flat 
spring pressing upon the eye to ensure better contact, This eye 
is attached to a hempen rope, having two conducting wirea 
wrapped spirally on the rope; over this is woven a hempen 
serving, giving the conducting rope the appearance of a thick 
sash-line. The carriages are fitted at eacli end with a brass 
hook and a conducting rope, so placed that whichever way 
the carriages travel the eyes and the hooks of the couplings are 
opposite one another. The alarums consist of ordinary trent" 
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bling bells, vrith an arraDgement to prevent tlie bells being 
rung by oscillation. 

llie pasaenger Bignalling apparatus which was first adopted 
consisted of a circular box in each compartment, having a glass 
face, which the passenger iiad to break. The effect of this was 
to liberate a sort of Jack-in-the-box arrangementj which caused 
semaphore arms on both sides of the carriage to fall, and in 
doing 80 to complete the electrical circuit and to set the alarums 
in the vans and on the engine ringing. The Jack-in-the-box 
arrangement, and also the outaide signals, were subsequently 
abandoned, and the circuit completed by the passenger moving 
a commutator handle over a certain fixed distance. In the 
trains first fitted by Mr. Preece a releasing coupling hook, 
similar to one which had been adopted in Prance, was used. 
This coupling, was, however, expensive and costly lo maintain, 
and was afterwards abandoned for the solid hook, which is 
cheaper. The solid hook, however, possesses the disadvantage 
that if the carriages be separated from one another without 
previously undoing the electrical couplings, the ropes are liable 
to be broken. 

Mr. Walker adopts for his couplmg a hard spiral brass wire 
enclosed in a vulcanized indiarubber tube. The spiral wire ia 
terminated at eacli end with brass rings, which pass over fixed 
brass hooks attached to the centre of the carnages near the 
roof. The passenger signalling apparatus consists of a circular 
wooden box placed in each compartment, and having a handle 
in the centre, which, when pulled out, hberates an outside 
signal, and closes the electric circuit through the electric bella 
in the vans. The van apparatus consists of a rather elaborate 
switch, having six different positions, and a Leclanch^ battery 
and an alarum. The apparatus on the engine consists of a 
small electrical semaphore and an electrical bell. The couplings 
adopt^ by Mr, Walker would appear to answer on the Houth- 
Easlern Eailway, but the author does not consider they would 
be suitable for adoption on railway lines generally, the elec- 
trical continuity depending upon a very large number of 
metalliu surfaces being in clean contact with one another. 

The single coupling adopted by Mr. "Walker involves fonr 
metallic surfaces being kept clean to ensure electrical con- 
tinuity between one pair oC carriages. In the case of twelve 
vehicles the electrical continuity depends upon ,44 surfaces, 
in 24 carriages, upon 82 surfaces, and so on, the failure of 
metallic contact at any one of these surfaces interrupting the 
communication between the rear and the front of the train. 
The couplings are liable to be destroyed by the separation of 
the carriages if the couplings be not removed before breaking 
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np a train. The amount of extension which the couplings ] 
permit is also limited ; this involves keeping in stock couplings 1 
of vjirious lengths to meet the case of carriage trucks, &o., I 
being introduced into a train. The switch used in the vans 1 
has to be adjusted to various positions, in accordance with J 
printed instructions placed in tiie vans, and this throws upon 1 
the guards an amount of care and attention which it would be ] 
desirable to avoid ; it also leads to complication, and conee- ' 
quently to greater liability of the communication being put out 
o£ order. 

That Mr. Walker's system has worked well the author attri- 
butcB to the very elaborate and complete orgnnization of the 
electrical department of the 8outh-Eaetern Eailway Company. 
The amount of care and attention wliich the electnc communi- 
cation receives on that railway can be best judged by the perusal 
of a paper, written by Mr. Walker, describing the working of 
his system, which has been printed as an appendix to an official 
report, drawn up by Captain Tyler, and published in 1872. 
From this paper it woulo appear that at the date of February 
24th, 1872, the South-Eaatem Kailway had twenty-four fitted 
trains. The following quotation has been taken bom. under the I 
heading of maintenance : 

" (53) The annual expenditure for the maintenance of the I 
618 vehicles, with all their necessary apparatus, is 274?., or at I 
the average rate per vehicle of 8s. lOd. (eight shillings and I 
tenpence). j 

" (54) The trains are marshalled or made up, for the most j 
part, at the Bricklayers' Arms Station, in the Kent Road. I 
Our inspector of train intercommunication is stationed there. ^ 
His duties are to inspect the rolling stock of up-trains that 
have come in, or down-trains that are going out ; to collect into 
his stores 'guards' sets' and 'semaphore bells' from vans or 
engines that are about to remain in the sheds for a time; to 
overhaul vehicles and apparatus, and rectify anything that is 
wrong. Many of the trains he sees coupled up at Bricklayers' 
Arms. Some trains he attends to Charing Cross and Cannon 
Street, and sees them started in order. He sends in a daily 
report to me, in which he gives his time-table, with his where- 
abouts throughout the day, showing what time he is at the 
carriage dep6t, and what trains he attends at the Charing 
Cross terminus. He also gives the number of couplings usedj 
on each train, and the registered number of the guards' sets i 
each van; and he gives a note of each train right or wrong.! 
Enclosure No. 11 is a copy of his report" for a Sunday in th^ 

• Bee Captain Tyler's " Report on Acoidenis which have ocomred on Bailwen 
during 1871," 
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winter, 1872, January 21 ; and No. 12 of a Saturday in the 
Buminer, 1871, July 15. 

" (55) At Cliaring Cross Station, where the down-journey 
of trains begins and the up-joumey ends, a porter is told off to 
put the electric coupliuga on a down-train, and to collect them 
mio a store provided ou the arrival of an up-train. 

" {5(5) At Cannon Street, where the City portion of a down- 
train joins the Charing Gross portion, a porter couples up the 
two parts. 

" (57) The telegraph clerks at Dover and Folkestone test the 
vehicles and apparatus that have arrived in down-trains before 
they are starteil in up-trains, and send in a weekly return of the 
daily examinations made. Enclosure No. 14 is a copy of the 
Dover report for 1871, October 7. It gives the date, the name 
of the train, the registered numbers of the ' guards' sets,' the 
uurabers of the guards' vans, the numbers and description of 
the carriages, and the trains when tested complete. A tele- 
gram to tTie inspector at Bricklayers' Arms advises him of 
anything requiring his attention, 

" (58) At Margate, Ramsgate, Deal, Tunbridge Wells,' and 
Hastings the station staff receive the trains on their arrival, 
and marshal and couple them up before starting. 

" (59) At Aahtbrd a telegraph lineman, or one of the clerks, 
flees that the branch portion of the train is properly coupled to 
the through portion. 

" (60) The company's carriage shops are at Ashford. The 
district telegraph inspector is at that station. Notice is given 
to him of any fitted stock that has been in for ordinary repairs 
and is coming out again. He or his lineman examines the 
vehicles and rectifies anything that has been disturbed by the 
carriage fitters. 

" ((il) At Tunbridge a couple of men from the telegraph 
workshops there meet every fitted train that stops at the plat- 
fotni, and test the train from end to end, to note how it is 
working. 

" (62) A travelling sub-inspector is employed in looking up 
couplings and ' guards' sets,' and doing ordinary repairs to 
rollmg stock, &c., whenever required," 

A further quotation taken from the same report, under the 
heading, "Instructions to Guards and Others," would seem to 
indicate that the South-Eastern Railway Company have found 
it neeessary to issue very stringent regulations to ensure careful 
management on the part of the servants of the company. Por 
instance : 
^ " (4) Shunters or porters who couple and uncouple the car- 
Kriages must also couple and uncouple the electric couplings, and 



I 



to. 



170 BAILWAT TBAUT INTIBCOHICDincATIOV, ■ 

will be held responsible for any damnge tliat may occur throneh 
neglect of this order. I 

" (5) Careful attention is to be given to the unhooking of 
the electric couplings when carriages are detached from trains I 
in Bpeed. I 

" (19) Several cases have occurred where the telegraph i 
apparatus has been wilfully damaged, bells broken, &g., and 
particularly couplings lost or mislaid ; and in a recent instance 
the guttapercha covering of wires has been cut about by some 
miacbievoua person. Damage of this sort can only be caused 
by the company's servants, who are hereby warned that such 
cases will be strictly inquired into, and the offending party 
severely dealt with. I 

(By order) " C. W. Eborall, General Manager." 

A. fystem of communication requiring so much supervision 
as is bestowed upon it on the South-Eastem Railway — a line 
where the distances travelled are comparatively short, where 
there is not much breaking up of trains or interchange of 
rolling stock with other companies — can scarcely be cousidered 
to be suitable for the great trunk hnes of the country, where 
interchange of rolling stock is the rule, the distances travelled 
are great, and where close Bupervision would be very difficult to 
maintain. 

Since the author first directed his attention to electric train 
intercommunication — now seven years — he has tried a great 
variety of couplings and many forms of apparatus. He has 
arrived at his present construction from esperience gained 
during seven years of the behaviour of liis apparatus subjected 
to the vicissitudes incidental to railway traffic. His system 
has been fitted to two trains — the royal tiain of the London 
and North-Westem Railway, and to the London and Wolver- 
hampton train of the same company. The electric commum'ca- 
tion on the royal train is only used when Her Majesty travels. 
The train has usually consisted on these occasions of seven or 
eight saloon carriages (including Her Majesty's saloons), four 
flrst-claas carriages, one truck, and two break vans. After a 
royal journey the train has usually been broken np, and the 
fitted firet-clasB carriages and brake vans drafted into the regular 
tra^c; the saloon carriages also have been used i 
may have required. 
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of his syBtem with a view to their elimination, this train has 
afforded the most valuable experieDce. It is well known that 
even railway metals when unused wear out faster than metals 
over which there is a moderate traffic, and that machinery 
keeps in better order when in use than when left idle and not 
looked after ; and so it is with the electrical connections of the 
carriages composing this fitted train. The carriages are used 
for the purpose of traffic, but the parts belonoing to the elec- 
trical system are out of use, and may be said to he entirely 
neglected during the greater part of tlie year. The electrical 
couplings and the other parts of the system can scarcely be 
more severely tested 'than they are under such circumstances, 
and when the time comes for collecting the fitted vehicles from 
various parts of the country for another journey, an examination 
of the electrical couplings and apparatus is very suggestive as 
to what is required for the successful application of electricity 
to train intercommunication. 

On the London and Wolverhampton train, the author's 
system was tried under conditions of fair ordiuary traffic. This 
fitted train commenced running in January, 1868, and con- 
tinued to run nearly two years, when the carriages were called in 
for repairs, and the train replaced by another having the cord. 
This fitted train left Euston for the down journey at 6 p.m. 
daily (Sundays excepted), arriving at Wolverhampton some 
time after rune o'clock at night, leaving Wolverhampton for 
the up-journey a little after 7 a.m. on the following morning, 
and arriving at Euston at 10.30, the distance travelled in the 
twenty-four hours being 250 miles. During the time elapsing 
between the arrival of the traio at Wolverhampton on Saturday 
night and its leaving Wolverhampton for the np-joumey on 
Monday, the train stood in a siding outside the station. Tlie 
number of guards who worked this train were twelve altogether, 
six guarils from Wolverhampton workiug the up-joumeys, and 
six guards from Loudon working the train on the down-journeys. 
To meet the case of unfitted carriages being inserted in the 
train, three or four pairs of long coupling ropes were carried in 
the vans to connect across the unfitted vehicles. The guards' 
reports showing tlie working of the system being the private 
property of the London and Noith-Weatern Eailway Company, 
the author is not able to refer to them ; but in a printed letter 
addressed to the general manager of that railway by Mr. Martin, 
bearing date Sept. 7th, 1868, eight mouths after the system had 
been in use, the following passage occurs : 

" The performance of the apparatus has been marked by the 
most unvarying regularity, as the guards' daily journals will 
testify, whilst the coat of maintenance is merely nominal. When 
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the electric commUDication was fitted to the London and Wolyet- 
hampton train, a mechtuiic accompanied it during the first fort- 
night, for the purpose of instructing the gnarda. Alter that the 
onljsupervisiun it received was frum an unskilled labourer, who 
attended at the Eustoti Station, wiped the couplings with a piece 
of cotton waste after the carritigea had been washed, and saw 
that the electrical connections were coupled up before the train 
left the station ; there was no one appointed at Wolverhampton 
to look after the electrical connections. The train was started 
from the stations by means of the electricul apparatus, and its 
behaviour was daily entered by the guards in their reports. 
The number of stoppages made in the up and down journey 
was twenty-two, and consequently the communication was tested 
twenty-two times daily." 

The author will now proceed to describe the construction of 
the different portions of his electrical system, examples of which 
are before the meeting ; he would aLso call attejition to a 
coupling which was removed from a carriage after having been, 
fixed for two years. The coupling ropes are made by wrapping 
a wire spirally round a hempen cord ; seven of these cords are 
then laid longitudinally and bound together by two or more 
servings of hemp, whicli have been soaked in an insulating pro- 
tecting compound. A very flexible conducting rope having 
seven separate conductors is thus constructed, and in practice 
this construction is found to be very durable, for there are 
seven conductors which touch one another throughout, and 
should one or more of these be damaged the continuity is still 
maintained, and however much the rope may be damaged the 
electric continuity is complete. Malleable castriron eyes are 
attached to the ends of the connecting ropes where the couplings 
are made, and these pass over and are firmly gi-asped by strong 
malleable iron hooks actuated by powerful springs placed in 
cast-iron boxes attached to the carriages. The eyes of the 
coupling ropes at the point of contact are coated with copper, 
and the coupling hooks have a plate of brass attached, agamst 
which the hooka press ; this ensures more perfect contact as the 
iron is liable to oxydation when exjwsed. The advantages the 
fliuthor claims for this coupling are, tliat the act of coupling 
ijjeans the metallic surfaces. The coupling is strong, and re- 
leases itself witiiout damage if the carriages be separated from 
me another. It is also constructed of cheap materials, every 
part of which can easily be renewed at a small cost. 

The a' .8 in the vans consists of a battery placed in a 

box, a' electric alarum, and the connections are made 

by f ng them up on brass hooks. The apparatus on 

tb aists of an electric alarum and a visual signal 
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combined. The paaseoger sigoaUing apparatus is a small metal 
tox, having a white screen in front on which are printed the 
neceasary instructions lor tJie guidance of passengers. To gain 
the attention of the servants of the company a small handle 
underneath the box ia pulled downwards; this discharges an 
electric lock, closing the circuit, and at the same time exhibiting 
a red signal on the face of the carriage apparatus. The pas- 
senger, after having closed the circuit, can move the handle 
freely up or down, but cannot discharge the lock. This is done 
by a special key in the possession of the guard. The author 
now proceeds to the question of cost. It is obviously unfair to 
compare an electrical system which is cheaply maintained, 
which places the means of communication within easy reach of 
the passengers, and which ia provided with a detective arrange- 
ment to prevent the repudiation of a signal when one has been 
Bent, with a crude mechanical system of expensive maintenance, 
which experience has shown cannot be depended upon, which is 
not provided with a detective arrangement, and wnich necessi- 
tates opening the window and then finding the cord, to say 
nothing of the passenger being liable to open the window and 
pull the cord on the wrong side. The estimated cost of fitting 
up the London and North-Western Railway Company's rolling 
stock with the electrical system, including the apparatus for the 
vans, engines, Ac, was in 1868, BL 128. per vehicle. The total 
cost of fitting up the whole of the rolling stock of that railway 
was estimated at that time to amount to 83012. lis. The cost 
of fitting the cord to the London and North-Western Kailway 
stock, from an ofiicial report of Captain Tyler's of August 9th, 
1871, would appear to have been 62B81. Is. 6d. Although the 
first cost of an electrical system is somewhat greater than that 
of the cord, in the very important question of maintenance, the 
electrical will compare very favourably with a mechanical 
system, as there is scarcely any wear and tear, and little else ia 
required than supplying from time to time a few inexpensive 
chemicals to the batteries. 

In the engravings Fig. 1 shows the spring hook and eye, 
releasing, coupling, and flexible conducting rope, containing 
seven conductors, wliich is used for connecting vehicle with 
vehicle. Fig. 2 shows a complete set of apparatus for a guard's 
van, consisting of an electric alarum, a galvanic battery, and a 
signalling key. A is the alarum, which is portable, and elec- 
trically connected by being simply hung on two brass studs. 
B is a galvanic battery, also portable, and connected up in the 
same way as the alarum, by being hung upon metal studs. C is 
the signalling key by which the guards can send either con- 
tinuous or intermittent signals. Fig. 3 shows the passenger 
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signalling npparatiis which ia fitted in the carriages. Fig, 4 
shows the same apparatus after the communication has beea 
made use of hy a passenger, the compartment from which the 
signal has been sent being indicated by a red screen appearing 
in the opening on the face of the signalling apparatus, Fig, 5 ■ 
shows the internal construction of the alarum used in the rans. J 
Fig. 6 shows the combined visual and sound signal used on ths"! 
engine, S is a red screen attached to the strikiug lever, carry^ I 
ing a hammer which strikes the beli. When the communication 
is made use of the red signal oscillates behind an opening and 
catches the eye of the driver, the hammer striking the bell at 
each oscillation. At night a lamp is placed behind the alarum 
and the visual signal is an intermittent red light. 

Before concluding, the author will offer a few observations on 
outside signals in connection with systems of communication. 
In Mr. Preece's system they were adopted in the first instance 
and subsequently abandoned. On the South-Eastern Railway 
they are still used. The author has never adopted them ; ho 
considers them unnecessary and objectionable, inasmuch as they 
increase the cost of maintenance ; for unless constant attention 
be bestowed they are liable to become fixed by the action of 
weather in the same way as, experience shows, frequently 
occurs with the pulleys used in connection with the cordt The 
first and chief use of a system of communication will he to gain 
the attention of the servants of the company in the event of an 
accident occurring to the train, such as a carriage being on fire 
or an axle breaking. The second use will be for cases such as 
Budden illness, &c. The third use will be to call attention in 
the case of outrage, and experience has shown that cases of this 
kind are of very rare occurrence. Whenever the communi- 
cation is made use of from the causes just mentioned, there will 
be no difficulty for the guard to discover the compartment from 
whence the signal has been sent. The only times when there 
is likely to be any diflSculty will be when a signal has been sent 
without sufficient cause, and whenever this occurs the guard 
win be able to discover the compartment from the signalling 
apparatus which has been used. 

There is another point on which the author would remark, 
vix. the use of double v&rsus single couplings between the 
vehicles. An engineer would certainly never trust a continuoas 
brake if the construction were such that the failure of one of 
the blocks to act impaired the action of all the blocks through- 
out the train. Yet the use of a single coupling in an electrical 
system of communication is almost a parallel case. In a double 
coupling the ropes at one end are in perfect continuity with 
the insulated wue runDing throughout the train, and instead 
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of the electric eontiimity depending upon a large number of 
metallic surfacea being in clean contact with one another, the 
failure of any one of which divides the communication, inter- 
ruption to the continuity con only occur in the unlikely event 
of there being two defective couplings between a pair of 
carriages. There are many points in connection with train 
intereommnnicatioa which the author would like to have 
enlarged upon if time had permitted. The anthor, however, has 
done his best to bring before the Society what he conaiders the 
main points of the subject. He has also endeavoured to lay 
before the Society the principles which have guided him in the 
design of a system which he has built up step by step. The 
railway companies of this country will soon have to dtcide upon 
some system of communication, and the author trusts that before 
that decision be come to, hia ajretem, as well as others, may be 
&irly tested and decided upon its merits. 

DISCUSSION. 

Mr. 8. J. DtlAOEiE said that it was most important that public 
attention should be forcibly drawn to the necessity of some 
proper means of intercommunication between the passengers 
and the guards in railway trains. He had known from personal 
experience how very inefficient the rope system was. Its in- 
efficiency had been shown in two recent cases. One case waa 
that of the Eev. Mr. Moore, who was attacked by a maniac ; 
and the other was that of a little Norwegian girl who fell out of 
the railway carriage. In the first case not one of the paBsengerB 
knew where to find the rope, and he {Mr. Mackie) very much 
qnestioned whether they would have been able to give a signal 
if the rope had been found ; for the Board of Trade Inspector, 
Captain Tyler, had recorded in one of his reports that he had ■ 
puUed in more than 18 feet of rope without effecting a signal. 
The rope system was adopted because the railway companies 
thought that it would be very dangerous to give passengers the 
power of stoppiug trains. He believed that even with an 
efScient system cases^of needless stoppage would be very rare. 
No rope apparatus would ever answer the purpose. There had 
been an attempt made recently to combine the American rope 
system with'tho Patteson rope system, and the result had been 
an utter failure. There were other mechanical systems, and the 
pneumatic system, which had been tried and found to have 
some good qualities ; bnt his belief waa that no mechanical 
system could succeed, and that an electrical system of some 
kind must ultimately be adopted. The comparative values of 
the different electrical systems deserv<jd anxious and careful 
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conaideration. There were many points of merit about the 
system wliich had been described. The author of the paper had 
alluded to certain inreDtioDs which had been mnie some time 
fitnce ; but besides thoBe there were other inventions which had 
been kept back from the poblic because of the position which 
the Board of Trade took in deciding to have the Harrison rope 
system. At the present moment the railway companies Here 
actually running with a condemned system under the sanctioa 
of the Board of Trade. 

Mr. 1*. F. NuESET said that he vaa present a short time since 
at the official trials of Colonel Biiiney's electrical system of 
train communication, the results of which were very successful. 
The aystera had been worked for two months previoosly on a 
Great Eastern Railway train running between Stratford Bridge 
and Victoria Park. The signalling apparatus consisted of a 
communicator, which had a projecting stud or " push," and also 
an indicator ; a communicator was placed in each compartment 
of the carriage. In each guard's van was a battery and an 
ordinary electric bell, connected with the " push " by two wires 
carried along the roofe of the carriajjcs to which they were 
fixed. Those conductors were coupled between the carriages by 
means of a hook-and-eye arrangement, a spring pressing the 
coupled parts together, which ensured perfect contact and com- 
plete metallic communication throughout the whole length of 
the train. One terminal of each bell in the guards' vans was 
connected to one pole of each battery, the other terminal bein^ 
connected to one of the conducting wire?. The other conduct- 
ing wire was connected to the second pole of the battery, so that 
until the two conductors were connected together no current of 
electricity could pass. The connection was made by the pas- 
senger pressing the "push" on the signal apparatus, which 
caused the bells to ring in the guards' vans. By the same act 
of the person signalling a couple of discs at the ends of short 
levers were mechanically released, and falling outwards from 
cither side of the carriage in which the signal was made, in- 
dicated to the guard the part of the train requiring his attention. 
The disks were afterwards restored to their original position by 
the guard. The compartment from which the signal issued was 
easily determined by inspecting the communicator, in which was 
a small circular opening through which an indicator was visible 
when the signal had been made, and which could only be 
restored to its normal position by the guard with a special key. 
The signal bells in the guards' vans continued ringing imtil the 
indicator had been thus restored. If in making up a train it 
became necessary to include a carriage not fitted with the 
apparatus, the continuity of the conductors was preserved by 
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the use of spare lengths wliich were readily attached to tlie 
carriage by meaua of a screw clip at each end, the coupling being 
effected as in the other parts of the train. For signalling at 
night coloured lampa with shutters were used in place of the 
ilof ■ ' -..,.. 



djaea. The removal of the shatters was effected by the falling 
of the disc signals, which touched a apriug attached to each 
shutter, which was by tliat means released and the light exposed 
to view. For communicating between the guards and the engine 
driver, an electric bell was fitted on the engine, and connected 
with the buttery in the guard's van. Contact was made or 
broken by means of a lever spring, and with that arrangement 
the bell on the engine was prevented from ringing when the 
signalling was going on between the passengers and guards. 
When one guard desired to communicate with the other, he 
merely pressed the stud upon the front of his bell-case, no 
levers nor armatures being used in Colonel Binney'a system. 
Should the train become separated while running, the coupling 
would of course be broken, but before breaking would be 
polled taut. By that act the ends of the coupling would be 
brought into metallic contact with the eases which protected the 
joints, and which would cause the cuards' bells to ring, thus 

fiving them notice of an accident. The official trials were made 
y Captain Tyler, It.E., on behalf of the Board of Trade, and 
the results were perfectly successful, 

Mr. A. Williams asked Mr, Varley what system was used on 
the Loudon, Chatham, and Dover Railway. There was a rope 
running through a ring on the floor of the carriage, but he did 
not know whether the rope had ever been practically used, 

Mr. V. Pendred iuqnu'ed how long Mi. Varley 's batteries 
would last, and what was the cost of their maintenance; also 
whether the lines could be depended on in all states of the 
weather, and whether a mass of ice frozen over the whole 
eoupli^ would affect the insulation. 

Mr. Dhuitt IIalpin said that lie was recently travelling by 
rail between Ostend and Berlin, and in Ihe train the whole 
apparatus, consisting of batteries, wires, bells, and signals, was 
contained in one carriage, and yet it would not act. That 
Beemed to show that electrical systems required great care. 
Mechanical engineers would perhaps be more forcibly appealed 
to by a mechanical system. He had recently examined a system 
of that kind, in which a shaft went througli the roof, just clear 
of the hoop-sticks, and on that shaft was a wheel with teeth 
gearing into a chain which geared into another wheel farther 
down at a convenient height for passengers to reach. On that 
was a crank handle which was turned. That carried an arm 
h a hammer at the end which sti-uck a bell. The ends of 
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the separate shaft contuincd in each carri^e were coapl 
outside. One end of the ghaft had a small T-piece, and tl^" 
other end had a har with eiglit or t^n projecting arma The 
ann3 projected about 2 feet from the carriages. The arrange- 
ment might prtive particnlarly damaging to passengers in the 
eod compartment of the adjoining carriage to the one canying 
tiie armed portion of the conpling in the event of a collision. 

I'he Pkesident said that with Mr. Varley's apparatus it 
would seem to be a difficult matter for a guara to find out who 
had given the signal in the event of a train being slopped by a 
passenger. If tlie train consisted of twenty-five or thirty 
ouriages, wit)i four or five compartments in each carriage, 
neat delay might occur before the right compartment was 
(ouud. That would not be the case if the signal was an external 
one. Perhaps Mr. Varley could give a reason why an external 
signal should not be used. 

Jlr. Varley, in replying to the discussion, said he was present 
at tho offii'ial inspection of Colonel Binney's system, which as 
there oshibited was a very crude contrivauce; the couplings 
It not strong enough, aud they would be liable to Be 
laged by tlie porters when washing the carriages. The 
_j|ternJ3 also were not adapted for the purpose of train signal* 
Bog ; and tlie fittings generally appeared to him not calculated 
lo rtfist rough usage. 

Id rt'ply to a question which had been asked, be (Mr. Varley) 
employed the railway metals and also the coupling rods of to^ 
(Wkrriagt>^ for the return cii'cuit, but lie relied chiefiy on tl^| 
(.^vAplius rods, aud was independent of the permanent waJH 
He n^ea a single insulated wire underneath the carriages, witlH 
^(vDch ciiiinectjons which were soldered to the coupling hooks 
ikWkl tMU|'ling ropes. There were two coupling ropes and two 
AWilinc hooks attached to each vehicle, so there was a double 
«%«tntx'lH>u between the carriage, but only a single insulated 
«itv undorueiith the vehicles. The reason for employing double 
waU^inti** ^'^^ explained in the paper : a single one would 
i^tuvr tho purpose, but could not be relied upon, as the Mlure 
, « .M.' coupling wouid then divide the circuit. The double 
ulso rendered the detection of any want of continuity 
,1'lings a simple mechanical operation, which could be 
■ by anyone not having a special training. Tha^ 
lid release themselves without being damaged i 
wt-rc forcibly separated, 

111 of c inication could be made to indicate t 

««ny of *a train. The inspecting officers of tl 

ToHlrt a great deal of importance to a breal^ 

I fi> - of any system uf train intercommm 
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nicatiuD, and in nearly oil the electrical ayatema which had 
been brought forward some arrangement had been propoaed 
with that object, but the Act of Parliament did not insist upon 
a breakaway signal. It wag not ao aimple a thing aa it appeared 
at firat sight, to construct an efficient breakaway aignal. In all 
those which had come under his (Mr. Varley'a) notice the 
circuit was closed either by a spring or a lever actuated by a 
spring coming in contact with a metal surface. Breakaway 
signals so constructed could not be depended npon. In his 
earlier experimenta he had conatmcted a breakaway in which 
the circuit was closed by a strong spring coming into contact 
with a metal knob, but ne found it could not be relied npon. It 
acted very well when the surfaces were clean, but the surfaces 
never remained clean for any length of time; they became 
coated with dust and dirt after a very short run, and then they 
would not make electrical contact. After several trials, how- 
ever, he had succeeded in constructing an eiEcient breakaway 
coupling, examples of which were before the meeting. With 
those couplings the eifect of the train breaking into two parta 
was to cause in each section a lever actuated by a powerful 
spring to come into contact with an inclined plane, the sur- 
face of which it aeraped, clearing away the dirt and making 
electrical contact, Ihe couplings after the levera had been 
discharged released themselves without being damaged in any 
way. 

In reply to the questions asked by the President, the pull in 
the paesenger compartments could be readily graaped by the 
thumb and finger. It had been made purpoaoly somewhat 
small and of such a shape that it must be pulled intentionally. 
The shape of the handle and ita size was, however, a matter of 
detail, as was also the position in which the paasenger signal 
was placed. He preferred the centre of the compartment, con- 
sidering that position the most generally accessible, but it 
could be placed outside the carriage if desired, or it cotJd be let 
into the framework of the carriage, so aa to show the tell-tale 
signal on the outside. 

Two cases had occurred of paeBongers pulling the passenger 
aignal on the London and Wolverhampton train from curioaity : 
a description of what then happened he thought would be the 
best answer which could be given to the question he had been 
asked, as to how the guard would discover tlie compartment 
which had sent the signal. Both tiiose cases occurred shortly 
after the fitted train began to run, and in both cases the train 
was stopped. The effect of the stoppage was to cause the pas- 
sengers to put their heads out of the windows to learn the cause 
of tne train being pulled up, with the exception of the compart- 
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■SDt from whence the signal had been sent ; the guard therefore 
hftd no difficulty in finding out the compartment, and the teil- 
tele i^gnat completed the detection. 

Tlie reasons why he did not recommend an outside tell-tale 
sigual he had stated in the paper. It could of course be 
provided, but it would considerably increase the cost of mainte- 
nance, and he thought the simpler the system and the fewer 
the parts the better. He would remark that during the whole 
time the fitted train was running only two cases occurred of the 
passenger signal being used without sufficient cause, and both 
of those took place within a month after the apparatus was 
fitted. That showed there was no fear of the apparatus being 
resorted to unnecessarilv. 

In reply to 'the question of supervision he had stated in the 
paper that the only supervision his system received when fitted 
to the Wolverliampton train was from an unskilled labours 
vbo attended at Euston a little before the train started; saw 
the system was coupled up before leaving, and also tested the 
apparatus, which was a work of only a few minutes. 

The cost of chemicals was 3d. per battery. The solution 
QSed was sal ammoniac dissolved in water, a solution of common 
salt, or a mixture of it with sal ammoniac might be substituted, 
and tlien the cost would be somewhat less. The duration of the 
battery depended upon the amount of work it was called upon 
to perform, but the batteries would keep in good order for a 
great many months without having to be recharged. 

Tho battery employed was that of Leclanche, but fitted up 
aad modified by himself (Mr. Varley) to adapt it for railway 
mo, The Leclanche battery fulfilled admirably the conditions 
I«t|uircd for electric train intercommunication ; there was no 
\tMte of chemicals when the battery was not being used ; that 
B not the case with any other form of galvanic battery. The 
• UJoh(5 battery also had the property of developing a large 
-% of electric force when first orought into action, but if 
juit remained closed for any length of time the tension 
f fell and tlie electricity developed became very much 
1 ; but as the battery very quickly recouped itself when 
1 to rest for a short time," that which was a great defect 
jiy purposes was really an advantage when the battery 
phea to the purpose of train interooinmunication, for the 
tuplion of chemicals was lessened proportionately to the 
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Snow or ice accumulating on the couplings would not in- 
terfere with the working of the electric communication, there 
would be a little leakage when the snow began to thaw and 
whenever the carriages were wet, but the leakage with the low 
tension of the electric current employed was so small that it 
would be of no practical moment. 

A low temperature would not interfere with the action of the 
batteries, unless the temperature was so cold as to freeze a 
solution of sal ammoniac. He thought there was little fear of 
the batteries being subjected to so low a temperature in 
England, but if there were any danger the batteries might be 
placed in cupboards, with a lignted lamp inside. 

It was the cord communication which was used on the 
London, Chatham, and Dover Bail way, and he had been 
informed that it cost 30^. per carriage. The cost of the elec- 
trical couplings and running the insulated wire underneath 
would not be more than 20s. per vehicle. 

In reply to the questions respecting the construction of the 
apparatus, Mr. Varley said that the alarums were constructed 
on a solid frame of cast iron, so that there were no parts liable 
to be shaken loose. The passenger signal was made entirely of 
metal, and so designed that the external parts could be readily 
got at without disconnecting the apparatus. When the pas- 
senger signal was put into action the circuit was closed in a 
similar manner to the breakaway signal already described. The 
coupling ropes and hooks were strong and durable, and capable 
of resisting very rough usage, and every part of the system 
admitted of easy renewal or repair. In the construction of this 
system of train intercommunication he (Mr. Varley) had en- 
deavoured to obtain in the apparatus composing it, eflBciency, 
durability, and cheapness of maintenance. 
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William Macoeoege, Vice-President, in the Chair. 

RECENT IMPROVEMENTS IN PUMPING 
ENGINES FOR MINES. 

By Henry Davby. 

The relative merits of different types of pumping enginea 
having been discussed on former occasions by the members of 
this Society, it is not with a, view of renewing the controversy 
that the author selects this subject, hut in order to bring before 
the Society two recent modifications in pumping machinery. 
In doing so lie proposes to touch upon some important pointiU 
connected with pumping engines generally. 1 

In designing pumping machinery for mines, as also in dafl 
signing steam machinery of all kinds, the three great questions 
which should be thoroughly and relatively considered are — 
economy of fuel, economy of maintenance, and economy of 
construction. The importance of economy in fiiel was never 
more keenly realized than at the present time, notwithstanding 
the great advances which have been made to reduce the con- 
sumption. Our steam engines consume annually 37,000,000 
tons of coal, which at the present moment may, perhaps, be 
reckoned at 15s, per ton, representing over 27,000,000?. sterLng ; 
an economy of 25 per cent, would therefore effect a saving of 
nearly 7,000,000?. annually. In Cornwall the cost of coal has, 
ever since the introduction of tlje steam engine into that county, 
been a suhject of vital interest to the raining community, and 
in a period of twenty years the improvement effected in the 
Cornish pumping engine reduced the consumption of coal to 
one-third that at first required, making a saving of 90,000^. per 
annum, which, at the present price of coal, would amount to 
140,000?. sterling. Whilst the engineers of Cornwall were thna 
perfecting their engines and developing the principle of expan- 
sion, colliery proprietors could well afford to be careless on the 
matter, but the time has now arrived when coal which can be 
used for steaming purposes in collieries meets with a profitable 
sale for other uses. Besides this, our coal mines are being 
worked deeper and deeper every year, so that the proportionate 
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amount of pumping necessary for a given " output " is greatly 
augmented. At a coal pit in the Nortli of England where the 
author is now putting down plant, the weight of water pumped 
to the surface in draining the workings will be nearly four times 
aa great as that of the coal raised. With such enormous pro- 
portionate amount of pumping it is not unusual to find a con- 
Buraption of from 12 lbs. to 1() lbs. of coal per horse-power per 
hoar. A good compound engine will work with less than one- 
fourth that amount of fuel. The saving therefore to be effected 
on 400 horse-power of actual work by the substitution of a com- 
pound engine would be at the lowest estimate 36 tons in twenty- 
tour hoars, which, taken at 5s. per ton at the pit's mouth, would 
amount to the modest aura of 2700/. per annum. The old 
400 horse-power engine, consuming about 50 tons of coal per day, 
would weigh probably from 90 tons to 100 tons if a single-acting 
engine, as many are, whereas a compound engine of the same 
power, which the author will presently describe, weighs only 
about 55 tons. The author is now constructing one of these 
engines to replace an old one, engaging that it shall consume 
on^^ one-fourth the fuel now used. 

It is well known that the leading principle of economy in the 
fiteom engine is that of expansion of steam, and the introductioa 
of the second cylinder to form a compound engine gives no 
theoretical advantage, but is purely a practical question. By the 
introduction of the second cylinder the maximum strain thrown on 
the piston and its attachments is greatly reduced, and a greater 
unilbrmity of motion and of strain is secured. In the example 
before us the variation of force during the stroke is about 
three to one with an eightfold expansion, whereas with a single- 
cylinder engine it would be as eight to one. In Cornwall some 
years ago, during the race for economy of fuel, engineers carried 
expansion in a single cylinder to the utmost limit; Taylor'si 
85-inch Cornish engine, having a 10-foot stroke, was worked at 
the United Mines with a tenfold expansion, and did a duty of 
112 millions, but it ultimately broke down from the excessive 
strain thus thrown on the pump rods. Since then a lower and 
safer grade of expansion has been employed. This engine 
proved that which has been proved over and over again, namely, 
that such a grade of expansion cannot be safely employed in 
a single-cylinder engine. Cornish engines are now worked 
with a threefold, and at most a fivefold expansion, and this 
partly accounts for the falling off in the duty reports. Expe- 
rience has proved that the second cylinder is necessary where 
expanaion is carried to a great extent. 

The author would here remark that the practice of recording 
the duty which has been carried out in Cornwall might be 
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e've the grade of exjtaiwioit and the boOer p re«iif« emplored, 
•ides aepantting the dalv of the boiler frmn tbat of the eapne. 
Thirty yean ago tlie average dnty of pumping engiiies in 
Cornwall wan 67,000,000, whereaa now it ecarrely reaebes 
48,0<X>,0Oii, anri it is a great pity that the dnty reptniB have not 
recorcle<l the grades of expansions, for then we should probayy 
be able readily to discover the cause of the falling off in effictenry. 
There are two types of the differential ezpansioo pnmphiff 
engitte — the single cylinder and the compound engine — the 
designs and arrangements of each being varied to soit different 
anplicstions. The engravings, Figs. 1 to 6, illnstrate in elevft- 
UoD, plan, and section a compoand engine oonstracted by 
Hessra. Ilatbom, Davis, and CampWll, for the N^ew- Hartley 
Colliery, in the North of England. It consiste of a pair of bori> 
zontal cylinders placed end to end, the bottom of the bigfa- 
prenenre cylinder forming one of the covers of the low-preesore 
cylinder. There are two piston rods to the low-pressnre piston 
which pass through tubes cast on the jacket of the htgh-pressoie 
cylinder, so that they are in the same plane with the rod of the 
bigh-pressDre piston. These three rods are conpled to one 
croK^head, to which is attached the connecting rod for working 
the pomps. The cylinders are firmly secured to a strong girder 
bed, and the condenser is carried on a separate bed at the rear 
of the engine, the air-piimp bucket being worked by means 
of a tail rod from the low-pressure piston ; such is the simple 
form of the engine, but the valve gear, though equally simple in 
construction, is more difficult to describe without the aid of the 
model which lies on the table. 

The main slide valve is actuated by means of a lever, deriving 1 
its motion partly irom the main, and partly from a subsidiary, 
piston. The connection to the main valve is in the centre of 
the lever, and the connection to the two pistons at the oppo- 
site ends. The action will be best understood by assuming flie 
main piston to be at rest at one end of the cylinder ; to start the 
' le, Bteam would be admitted to the subsidiary piston, 
ng it to carry the lever forwanl, opening the main valve, 
Diitting steam and thereby ciiusing the mam piston to com- 
" 'ts stroke; but this piston in doing so moves the main 
1 the opposite direction, and cuts off atoam. The main 
then has a differential motion, compounded of the 
s of the main and subsidiary pistons. The motion given 
le subsidiary piston is rendered constant by means of a 
ie ' ■ cataract, which the author will presently describe. 
end of the lever has a^ constant mo'lion, * ' 
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pendently of the engine itself, and tlie other end has a varying 
motion, depending on the varying motion of the main piattm, 
The reBultant motion of the main valve being obtained from 
the centre of the lever, and being componnded of a varying and 
a coDBtant motion, mast necessanlf also \arj , variations of 
load on the engine produce variations in the motion of the 
main piston ; in other words, the increase or decrease of load 
increases or diminishee the supply of steam to the cylinder. 
The cataract end of the lever is attached to the subsidiary 
piston rod, which rod is continued into the cataract and is pro- 
vided with a gim-metal piston, fitting tlie cataract cylinder ; the 
cylinder is filled with water, and is provided with a passage 
leading from one end to the other ; in the passage is fitted an 
adjustable plug for regulating the speed of the engine. 

It should be understood that the force acting on the sub- 
sidiary piston is far greater tlianthat required to move the slide 
valve, trie surplus power being absorbed in driving the fluid in 
the cataract tlirouf^h a small opening. As the resistance of the 
fluid increases with the square of the speed, it requires a very 
great variation of force on the subsidiary piston to cause a very 
small variation in the speed, so that the speed is practically 
constant for a given adjustment of the cataract plug, although 
the boiler pressure may vary. It will therefore be seen that 
the chief peculiarity in the invention ia the simple manner in 
which the engine is rendered safe in working against variable 
loads, automatically and instantly varying the distribution ot 
steam with every minute increase or decrease of resistance. A 
slight pause is produced at the completion of each single stroke 
of the piston, during which time the pump valves fall to their 
seats, preventing slip and the shock which occurs when pump 
valves close under pressure from a moving plunger. The 
freedom from shocks m the pumps is an important point, as it 
affords security against accident, such as bursting pipes, &c., and 
tie durability of the valves and seats is greatly increased. The 
ijaction of the valve gear of the engine is so sensitive and so 
'■perfect, that the load may be greatly varied on the engine when 
it is in fiiU work, without any injurious effect. Engines on this 
plan may be employed to pump direct into town mains without 
the intervention of stand pipes, balance valves, or anything oi 
the sort. There is great economy in the construction of these 
engines and in the buildings which they occupy, as will be seen 
froTn the drawings and the following Tables of dimensions and 
powers, &c. 

The columns headed " units of work " are for ready com- 
parison with the work required to be done in any given example. 
Thus, let it he required to pump 250 gallons of water 200 feet 
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high per minnte, then the nnmber of units of work to be done 
= 250 X 10 X 200 =: 500,000, and on reference to the 
Tables the size (^ the engine required for the woik is readfly 
selected. The calculations in the Tables have been made tor 
an efiectiye pressure of 25 lbs. per sqnare inch on the pistoiiy 
corresponding to a boiler pressure of Irom 35 lbs. to 45 IbsL, a 
pressure which is yery usual for such engines in collieries. 

Table I. 
Tables of Powebs, &c^ of the SnreLE-cnjHDEB Difvkbxstial 

PcMFnro ESGIBE. 



DfameteroT 
Qjlioder. 


Stroke. 


EffectlTe 


Units of Woik. 


PMonSlpeod 
= VLx8e. 


in. 


ft. in. 






ft. 


12 


1 8 


8-56 


282,500 


100 


14 


2 


12-82 


423.225 


110 


16 


2 


16-75 


552,750 


110 


20 


2 


26 17 


863,775 


110 


20 


3 


30-93 


1.020,825 


130 


24 


3 


44-54 


1.469,975 


130 


26 


3 


52-28 


1.725.425 


130 


28 


3 


60-63 


2.001.025 


130 


28 


3 6 


69-96 


2,308.875 


150 


30 


4 


85-67 


2,827,200 


160 


35 


4 6 


120-26 


3,968,662-5 


165 


40 


5 


161-83 


5,342,550 


170 



Table n. 
Compound DiFrEBEimAL Expansive Engines. 



Diameter 

of large 

Cylinder. 


Length of 
Stroke. 


Eflfective 
Horse-power. 


Units of Work. 


Piston Speed 
= V L X 80. 


In. 


ft. In. 






ft. 


20 


3 


24-74 


816,660 


130 


25 


3 6 


44-61 


1,472,400 


150 


:^o 


4 


68-53 


2,261,760 


160 


85 


4 6 


96-21 


3,174.930 


165 


40 


5 


129-46 


4,272,440 


170 


45 


5 6 


173-49 


5,725,440 


180 


50 


6 


226-10 


7,461,300 


190 


55 


6 6 


287-97 


9,503,200 


200 


CO 1 

1 


7 


359-85 


11,875,080 


210 



ThiH Table is calculated for an effective pressure, or load on the large piston 
of 20 11)8. per square inch. 

Tho single-cylinder engines, a pair of which were constructed 
bv Messrs. llathorn, Davis, and Campbell, for the Clay Cross 
Collieries, are in use underground, and are employed in pumping 
the water direct to the surface. They pump against 1000 feet 
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lieadof water, whilst a similar pail' at Newton Gap have 240 feet. 
This method of pumping in coliiei-iee is becoming very usual, 
and where there is no chance of tlie engine being flooded it is 
probably the beat, and certainly the most economical plan, as 
regards first cost. I'he construction of these engines is similar 
to that of the compound engine, minus the high-pressure cylinder. 
The compound engine just described is placed above ground, 
whereas these engines are placed below, and are self-contained 
on one bed plate, with t!ie pumps. 

The larger pair ol' engines is provided wilh a condenser. It 
is not, however, a part of the engine, but ia entirely distinct, 
the air pump being worked by means of a small hydraulic 
engine Irom the pressure in the main column. In a more 
recent design the author has put the air pump on the bed with 
the engine, and worlied them by means of a tail rod from the 
main piston, the pumps being placed both in front of the cylinder, 
with a plunger common to both barrels. Very severe teste have 
been imposed on the differential expansive engine by suddenly 
tlirowing off the load when the engine is in full work, with the 
stop valve wide open, this has been done with impunity ; there 
is therefore security against accident resulting from the 
breaking of a spear, the falling of a pump pipe or a valve, fruitful 
sources of breakage with the ordinary pumping engine. 

Dip workings in mines are not easy, and are very expensive 
to drain by means of pumps driven from the main rods, especially 
where the dip is but little ; nor is it always possible or expedient 
to use a steam pump. 'I'he pump may be flooded, and thereby 
rendered useless, making it necessary to put down other means 
of getting out the water. To meet these difficulties the late 
Messrs. Garrett, ITarshall, and Co. introduced the hydraulic 
pumping engine which is illustrated at Figs. 7 to 10. These 
engines are now made by Messrs. Eathom, and consist briefly of 
a hydraulic direct-acting engine and double-acting pump. The 
mode of application may thus be described : 

The engine is placed at the bottom of the dip, a supply pipe 
is carried to it from the main column, and the delivery pipe 
from the pump is led to the main sump. The construction of 
the engine will be readily understood from the engravings. 
These engines have been iixed in various collieries. A diagram 
taken from one of the engines at the Clay Cross Collieries 
shortly after it was put to work shows that the engine did 80 per 
cent, of the theoretical duty. The dip became flooded from an 
accident, and the engine was under water for two months, but 
it continued working the whole of the time, although it could 
not be seen. For general pui'posea requiring motive power 
underground there is a wide field for the employment of water 
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pressure from the main column or from the tabbing, and the nee 
of the hydraulic dip pumping engine seems a step in tlie right 
direction. In whatever way the enppiy to the engine is secured, 
whether from the column or from the tubbing, an equivalent of 
work is added to the main pumpins engine. If all the varioaa 
underground work were done by hydraulic engines, the maiu 
pumping engine would necessarily require increased power 

S report ion ate to the work done by these engines. The author 
oes not see any great obstacle to the practical application of 
hydraulic engines for hauling purposes as well as for pumping, 
thereby difipensing with all boilers and steam pipes in the pit 

In the former part of the paper the author contended that 
there are difficulties encounterea in using ateam very expansively 
in non-rotative engines which render the adoption of the 
compound system expedient if not imperative. Other reasons 
besides those already advanced may be brought forward. Fig. 
11, which is shown below, is a diagram taken from a Oornish 
engine. The line drawn horizontally through the diagram cats 
the expansion line at the point of avLirage pressure, making the 
area a, b, c, d, equal to the area a, e, f. 
Fio. II. 
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It is evident that if the diagram was produced by a constant 
force overcoming a constant resistance it would take the form of 
the parallelogram e,f,g, ti, but under such circumstances the 
steam would not be expanded. In the Cornish engine the load 
lifted is a constant quantity, and that ateam can be at all 
expanded on the piston is due to the fact that the moving load 
is a mass of matter and not merely an opposing force. The 
expansive force of the steam can be utilized because the mass in 
being changed from a state of rest to that of quick motion, 
absorbs or stores up an amount of energy which is expended' 
during the second change from quick motion to the former state 
of rest. In other words, during the first change energy, 
represented by the portion of the diagram a, h, c, d, is accumu- 
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lated, and tliis energy, which is also represented by the area a, 
e,f, is during the second change expended, Tbe energy of the 

S8 equals -^ — and the energy represented by the area a, b, 

0, d, eqaals the mean pressure of that portion of tiie dii^am 
multiplied by the distance a, d, and the reaullant multiplied by 
the area of the piston, making in the present example 150 foot- 
tons. It i8 evident that the energy of the mass must equal this 
energy to produce the diagram ; it is also evident from the 

I Wi;" 

I above formula, viz. -^ — that at about 500 feet per mmute 

piston speed energy = W ; therefore, to produce the diajiram 
the mass to be set in motion at about 500 feet piston speed must 
be 150 tons. The author knows that to be about the weight of 
the moving mass in tbe practical example whicli he has selected. 
The load on the piston ia not more than 50 tons, and if the 
engine had no mass to set in motion beyond the column of water 
to be lifted, the required velocity of that mass necessary to give 
it the required energy would be beyond all practical limit. On 
the other hand, if the velocity of tbe mass is limited to 4 feet 
per second, then the required mass would be about 600 tons; 
although tlie expansion is only about 6 to 1. 

If this engine were to be made double acting and employed 
to lift water on the steam stroke it would be expedient, for 
practical as well as theoretical reasons, to limit the piston speed 
to 4 feet per second, making it necessary, as the author has 
already shown, to provide a moving mass (jf 600 tons, but with 
the compound engine, working under similar, conditions, only a 
very small moving mass would be necessary, because the 
variation in the effective pressures daring the utroke would be 
comparatively very little. An expansion of four times in a 
single cyUnder would give a variation of 4 to 1, hnt in a 
compound engine only y-28 to 1, The reasons for this are 
obvious. The Cornish engine is a very costly machine ; it is 
only single acting, and it requires a great moving mass to make 
it practicable to employ a high degree of expansion ; nor can it 
be made double acting without either making it necessary to 
increase the mass beyond a practical limit or to employ a low 
ratio of expansion involving a great waste of fuel. To meet 
these difBciilties the author designed the compound differential 
expansion engine, in which expansion may be carried to a great 
extent with a piston speed not too great for actuating pumps 
during both strokes, nor requiring a heavy moving mass, making 
it practicable to secure economy of fuel with a comparatively 
small outlay of capital. The differential valve gear is illustrated 
at F%, 12, which shows it as applied to a compound engine. 
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motion f 
the centre B, to which they are conuected. 
two motions, one at the end V derived directly from the main 
moving parte of the engine by another lever of the first order, 
which, receiving the full motion of the piston at the long end, 
imparts from its short limb to the end V of the lever the amotmt 
of motion snitabie to the working of tlie valve; and another 
motion derived from a subsidiary piston X. This subsidiary 
piston receives its motion from the steam in the main slide che^ 
by means of a small valve Z, and gives motion to a cataract 
piston Y working in a cylinder fiUed with water which escapes 
Irom side to side through email openings that can be regulated 
at pleasure by raeana of the valve K. This cataract regulates 
the speed of the piston X, and consequently the motion of the 
end E of the lever F to which it is attached. The valve Z, 
admitting steam on the subsidiary piston X, is actuated by means 
of a lever B C to which it is attached at B, and this lever, 
usually fixed at A, receives motion from the lever F V by the 
connecting link D 0. When it is required to start the engine 
motion can be given to the valve Z by removing the pivot at I 
of the lever C A and moving the lever by hand. 

The action of this gear upon the motion of the engine will b^l 
best understood by an illustration : Suppose the main piston 
to be at rest at one end of the cylinder, then to start the engine, 
steam would he admitted by band into the subsidiary cylinder 
X, and motion would be communicated to the valves J, and thq— 
engine would commence its stroke ; as it moves, however, it ij| 
giving motion to the lever F V in a contrary direction to t 
motion communicated by the subsidiary piston X and cuts i 
the steam. The main valve therefore has a differential motion, 
compounded of the motion derived from the direct action of the 
main cylinder, and an opposite motion from the subsidiary piston. 
Now, the motion of this subsidiary piston is rendered constant^ 
by means of the cataract Y, Seeing, then, that the catam 
end F of the lever has a constant motion independent of t' 
engine itself, and that the other end V must needs have i 
varying motion depending on the varying load on the engine, 
then the resultant motion of the main valve, being taken from 
the centre of the lever and compounded of a varying and a 
constant motion, must also vary with every variation in the._ 
motion of the main piston. 

mscuasioN. 

Mr. V. Pendred said that Mr. Davey had opened, indiJ 
recUy, two subjects which had been well discussed by engineenJ 
The first of these subjects was the relative merits of diflerentl 
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t ^sterns of pumping engines ; and the second was the whole ques- 
tion of steam-en gine economy. There were, however, one or two 
special points on which he (Mr. Pendred) would only casually 
touch. He had understood the author to st-ate that this pump- 
ing engine rendered a variable expansion of eight times with a 
resulting strain upon the parts of the machinery equal to what 
would take place if the steam had been cut off at about three 
times in tlie cylinder. He had introduced the compound engine. 
Perhaps no subject had ever been more keenly discussed among 
engineers than the relative merits of compound and non-com- 
pound engines. If the point were argued on theoretical grounds 
Mr. Davey would be the first to agree that expansion carried 
out in a single cyHnder was theoretically right, inasmuch -as the 
highest possible amount of economy was obtaioed from that. 
There were certain conditions, however, under which it was 
utterly impossible to carry out expansion in the single cylinder; 
and those conditions had been very clearly and definitely stated 
by Mr. Davey, and they applied specially to pumping engines. 
He (Mr. Pendred) would tlieielbre confine his remarks to pump- 
ing engines. 

He bolieved that a cylinder pressure of about 30 lbs. or 35 lbs. 
was considered as much as it was safe or prudent to put upon a 
Corm'sh engine. So long as engineers confined themselves to 
such pressures, was there anything to be gained by goiijg much 
beyond three or four, or perhaps, at the maximimi, five mea- 
sures of expansion? Ho might carry the question a little 
farther, and ask whether there was anything to be gained under 
any circumstances in expanding steam more than six times with 
ordinary pressures ? During the last Iwo or three years he had 

g'ven the subject considerable attention, and he had coUec^ted a 
rge number of steam-ship logs, not the result of measured mile 
trials, but the result of actual practical working. From those 
records he had found that about as good results could be got 
from expansion at the ordinary pressure of 60 lbs., with an 
expansion of six times, as could be got under any other circum- 
stances. He further found in analyzing those logs, and irom 
experiments and investigations wliich ho liad himself made, tliat 
the best result would be obtained from expansion under any 
circumstances when the absolute pressure at the moment of 
exhaust was about 10 lbs., that was to say, if steam was used at 
an absolute pressure of 60 lbs. it would be expanded between 
five and six times. Therefore, as Mr. Davey had spokeo of a 
certain advantage being gained l>y expanding eight times, he 
.(Mr. Pendred) should like to know what was the precise gain in 
' ^panding eight times instead of tliree. 

The author had opened up the whole question of the economy 
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of fuel, and he had referred to the records that were kept as to the 
economy of fuel in Cornwall. He had asstinied — and no doubt 
with very good grounds for the assumpfion — that part of the 
notorious fallin" off in the economy of fuel in Cornwall was duo 
to the cutting aonn of the expansion. He (Mr. Pendred) be- 
lieved that, although that statement exprestnea part of the truth, 
it did not express the whole truth. He believed that in old 
times the fuel was of a great deal belter quality than that of 
the fuel used at the present time, and that made a very marked 
difference. He had no doubt that a great many of those present 
had carried out trials with coal, and had seen the differences 
that were brought about by it ; but he doubted whether engi- 
neers generally realized what the diflerence was which might be 
brought about by using two different qualities of coal, both of 
which were very probably the best of their kinds in the market. 
He had recently carried out some trials on a horizontal engine 
with a 21J-iiich cylinder and 36-inch stroke. The engine was 
guaranteed to work up to a certain duty, namely, 2} lbs. of coal 

Kr horse-iiower. The engine was supplied with steam by two 
■neashire boilers, with 3-feet flues 28 feet long, and grates 
3 feet wide and 3 feet 6 long. In the first experiment the. 
' grates were 3 ■ 5 feet long. The engine was guaranteed to work 
up to 2^ lbs., with a cut-off at one-tenth. In the first trial the 
pressure was limited to 60 lbs. instead of 70 lbs., and this trial 
was made with Gawber Hall coal. He was told by those who 
were associated with him in the experiment that the boilers were 
expected to evaporate 10 lbs. of water per pound of coal. He 
(Mr. Pendred) replied that he knew something of the coal that 
was going to be used, and the boiler, if properly set, would 
evaporate 7^ lbs. of water per pound of coal. The water 
was very carefully weighed out in tanks, and the experiment 
lasted six hours and was conducted with the utmost possible 
precaution. The result was that the evaporation was 6-9 lbs. 
. The boilers were very good and well set. He (Mr. Pendred) 
need not say that the engine did not perform the duty that was 
guaranteed. 

Another trial was made more recently, and he recommended 

a change of coal. There was also a change made in the grates 

by their beino; shortened. On the second occasion the coal used 

vas a South Wales coal, such as was being used on the Metro- 

[ politan Railway. With scarcely any alteration in the engine 

I or conditions of working, the consumption of fuel was brought 

' down to 2-6 lbs. of coal per horse-power per hour; and the 

evaporation was raised to 9-8 lbs. and a fraction over. That 

wap "" example of what a very ordinary change in the fuel 

. On comparing the duties of engines estimated at 
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different ptriods, it aliLiuld be borne in laind that there were 
dift'ereupes in the quality of coal. A point worth mentioning 
was that the quality of tlie coal used for boilers was falling o^ 
and that instead of the good, sound, free-burning coal that waa 
naed in former time?, very much slack was used now. Besides, 
he imagined that in former times more care was taken with 
Cornish boilers than now. He believed that there were not 
such bad boilers in the world as existed in Cornwall. A friend 
of his, upon visiting, some time ago, a mine which was stopped 
for repairs to the engine, found a man in one of the boilers dig- 
ging out the mud witli a spade. Under such circumstances 
tney could not expect a high evaporating duty from the boiler. 
Steam gauges were, he believed, practically unknown in Corn- 
wall except among a few enlightened engineers. Now and then 
engineers found out exactly what their boilers would carry, 
because they had a blow-up. 

Mr. Davey had referred to an engine at the United Mines with 
a duty of 112 millions. That was probably about the highest 
duty that had ever been done by a Cornish engine, and that 
engine, Mr. Davey bad stated, broke down after it had been 
some time in use ii-om the additional strain put on it. It would 
be interesting if Mr. Davey could state the nature of the break- 
down,~the initial pressure in the cylinder before the break- 
down, — the initial pressure after the breakdown,— the grade of 
expansion when it was worked subsequently,— and the duty in 
the consumption of coal after the engine waa put on the reduced 
grade ef expansion. 

Mr. A. KlQG said that it would be interesting if Mr, Davey 
would explain the action of the valves with the load off, when 
such a case occurred as the breaking of pump rods. They were 
very ingenious, and the cataract arrangement seemed well cal- 
culated to control the engine that it should run quietly and 
steadily. The manner in which the variation of the load varied 
the supply of steam was not very easy to follow at first sight, 
but the model made that action clear. One or two matters in 
construction seemed worth a passing remark. For instance, 
both the high and the low pressure cylinders were fastened 
firmly to the bed between snugs upon it outside the ends of 
their flanges, and when the cylinders expanded, though the bed 
did not expand, there must be great strain, which was generally 
avoided by placing the snugs inside instead of outside the cylin- 
der brackets. Lignum vifee slide-valves had been mentioned in 
connection with hydraulic engines, and it would be interesting to 
be informed by Mr. Davey under what pressure they were used, 
and the extent of their durability, as slide valves of hydraulic 
engines, especially those working at very high pressures, were 
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lishl6 to great wear in oonseqnenoe of the diBproportion bet 
their wearing sar&^es and the pressures they had to resist. 
Mr. Dayet, in reply, said that with reference to Mr. Fend 
first question as to wnether anything oonld be gained by 
panding more than three or five, or at most six times, he 
L^vey) had advocated in the paper an ex{)an8ion of abodt 
times, tmt he had omitted to give the initial ptessnre pro 
The initial pressure in that case woald be from 60 lbs. to i 
boiler pressnre, and would probably ^ye abont 60 lbs. above 
atmosphere as the initial pressure m the cylinder, — ^in ro 
numbers 70 lbs. For the sake of comparison he had rong] 
oalcalated a table of the nnits of work dne to d^erent 
of expansion, and he had assnmed an initial absolute pressoi^ 
100 Ids. With no expansion the work done was 68,000 
That was taken as a basis. An expansion of 1 *25 would 
the quantity to 77,000 units, with a fourfold expansion 2 '4^ 
eightfold expansion 3 * 3, the amount of work could be < 
theoretically. An initial absolute pressure of from 70 IbsL 
75 lbs. expanded eight times would oring the terminal 
to somethmg like that advocated by Mr. Pendred, nam< 
9 lbs. to 10 lbs. He agreed with Mr. Pendred that there 
not much to be gained by expanding steam beyond nine 
ten pounds absolute pressure. A higher grade of expans 
was only advisable when the initial pressure was raised. In 
speech recently made by Mr. John Hocking, of Eedruth, one 
the first mining engineers in Cornwall, he pointed out that 
average duty of Cornish pumping engines formerly was 69 
millions against 50*2 millions now. In fact, 30 per cent, m 
coal was used now than then — ^thirty years ago. Mr. Hoc^ 
said he believed the lower duty was chiefly due to the lower 
of expansion, but he did not think the higher rate of expai 
would be resumed. Secondly, he held that the boiler power 
insufficient. Thirdly, that tne enginemen were often meffioii 
and that premiums should be offered for saving coal. Fo 
by the present system of working a fair rate of expansion ooi 
not possibly be reached. Fifthly, there was a lower quali^ 
coal. That bore out Mr. Pendred's statement with respeot 
the coal. As regarded Taylor's engine at the United Mines^ i 
(Mr. Davey) indicated the engine some time since. -The en ' 
was, at one time, working with a tenfold expansion, and 
initial pressure was about 60 lbs. above the atmosphere 
from 60 lbs. to 65 lbs. boiler pressure. The boilers were us 
fixed close to the engine, so that nearly the whole boiler press 
was brought upon the engine. The engine broke down l^ecs 
of the enormous strain thrown on the pump rods. That wor 
the joints until the bolts got loose, and the joints became she 
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and at last one of the lower spears broke off suddenly, causing 
the engine to come in with such a crash that it smashed the 
spring beams and the cylinder. Thougli the crack in the cylin- 
der existed the engine was still at work. The crack was 9 feet 
long, and it was patched up with iron borings caulked into the 
jacket. When he indicated the engine it was working at as 
high a grade of expansion as was considered safe, and it was 
doing about 60 millions duty. It worked now with a boiler 
pressure of from 35 lbs. to 45 lbs., which was a very usual pres- 
sure in Cornwall. Some years ago there was some excitement 
in Cornwall about using higher pressures, and in several in- 
stances pressures from 60 lbs. to 70 lbs. were tried ; but be 
believed that the high pressures and high grades of expansion 
had been discontinued, because a little accident, such as the 
dropping off of a bucket from the bucket lil't, was quite sufficient 
to make the engine come in with such a crash aa to carry every- 
thing before it 

Mr. Kigg had asked for further information as to the valves 
of the differential engine. He (Mr, Davey) had that day taken 
a diagram from a single-cylinder engine with the differential 
gear upon it, and in which the load had been varied consider- 
ably by the opening and shutting of sluices. The effect was 
I shown on the diagrams, Figs. 13 and 14, appended, 
DiASSAH taken from Davbt's Diwebektial Expansios Pchpiso Ehoihb 
I at tlie SUBBOBT WiTeBWOEJCS. 
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November 3rdy 1873. 
JABEZ CHURCH, President, in the Chair. 

THE ECONOMIC USES OF BLAST-FURNACE 

SLAG. 

By Perry F. Nursey. 

There was a time in the history of the arts and manufactures 
— and that time is well within the i>iemory of the youngest 
member of the profession — when every department had what 
were termed its waste products. In some instances this waste 
was an unconscious one, unrealized by those whom it most 
aflFected. In others, however, manufacturers possessed a know- 
ledge of their loss, but strove in vain to lessen or prevent, it. 
Especially was this the case in metallurgical science, where, 
almost from the first, the value and usefulness of many waste 
products were fully recognized, and where continued efibrts were 
made to utilize them. It is but a few years since that the gases 
of the blast furnace were truly yet regretfully looked upon as 
waste, but for which at length inventive talent found a profitable 
application. And so in other departments of manufacture, the 
rapid development of mechanical and chemical science has led 
to the successful application of waste substances in directions 
previously but little hoped for, if not wholly unthought of. 
And thus to-day finds some of the most simple of our industrial 
processes, each the parent of a variety of others, all more or less 
beautiful in their conception and happy in their practical 
results ; all tending to promote and sustain commerce, and to 
enrich the nations of the world. Witness the ultimate results 
of the destructive distillation of coal, or the more recent perfect 
utilization of the hitherto valueless waste produced in the 
manufacture of spun silk. The term " waste products " is now 
all but expunged from the vocabulary of applied science, and 
that of "bye-products," so pregnant with meaning, has by 
common consent become its valued substitute. Manufacturers, 
instead of seeking how best to rid themselves of what they in 
their ignorance deemed a nuisance and an incumbrance, are 
now for the most part busied in devising methods for its careful 
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retention, witli tlie view to its ultimate conversiou into substan- 
tial profit. 

One of the most expensive, cumbersome, and, until recent 
years, naelesa products m tlie metallurgy of iron is the slag of 
the blast furnace. The yield of this substance from the Cleve- 
land blast furnaces is about half a^ much again as that of the 
iron produced, whilst its bulk is more than three timee greater 
than that of the metal. In the hematite distriots the propor- 
tions of slog and iron are about equal. This mass of material 
absorbs and radiates an enormous amount of waste heat, which 
is 80 much loss of power. Hence attempts have been made to 
utilize the heat thus wasted, but without succeaa. It is a heavy 
incumbrance, inasmuch as large tracts of land have to be pur- 
chased whereon to deposit it, the investment being of course 
wholly imremunerative. One iron manufacturing firm at least 
within the author's knowledge is exempt from this tax upon its 
capital, and that is the Hudson Ironworks in the United States, 
where the slag is used to fill in shallow bays. Thus, instead of 
having to purchase land for the deposit of the slag, the latter is 
actually utilizerl for the formation of land. Again, it is a 
source of great inconvenience at the blast furnace, accumulating 
there as it does in a hot viscous mass, difBctilt to haudle, and 
requiring special tools for removal. In fact, the labour spent 
upon this unproductive substance often equals the whole pro- 
ductive labour of the blast furnace. No wonder, then, that 
&om the first persistent effort-s have been made either to utilize 
it or to get rid of it altogether. The variety of schemes pro- 
posed for either or both of these purposes has only been equalled 
by the ingenuity displayed in devising them. 

The refractory character of blaat-fumace slag pointed it out 
in 7617 early times as a suitable matfirial for road-making, and it 
was thus first used, being broken up by hand for the purpose. 
But the demand in tbis resyiect is comparatively limited, and 
&lla so infinitely short of the supply, that our slag heaps have 
gone on steadily increasing in bulk until at old-established 
works they have attained enormous proportions. In some Con- 
tinental States, where stone is scarce, slag plays a prominent 
part in road-making, where it can be procured in large 
quantities. In Silesia, and other similarly situated countries, 
careful attention has been devoted to the treatment of slag in 
order to render it as suitable as poBsihle for road-making, being 
the only available material for that purpose. The great brittle- 
ness of slag is one of its objectionable features, so that in 
the first instance attempts were made to devitrify it. This 
implies a supply of cheap fuel, otherwise the process would 
prove too costly. As cheap fuel is scarce, devitrification is in 
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■ome pUe» sooceeBfaUy effected by allowiK the slag to 
■ecamolate arotuul tl>e bust famace, and to com elowty imder 
eoondenbLe presBiire. This method is adtqited at T^niowits 
aad other diAricts ia Sileais, wbeie the slag accomolates to a 
thickness of 18 tocbes before remoraL The ptotxsa ia, bow- 
erer, impeEfect, only the lower half becofoing devitrified ; bot 
it DCTortheleas fdmiahes a good road-making maleriaL 

Another direction in which attempts have been made to 
utilize slag is to adapt it for constractiTe pnrpo^es. In the 
Clevelaod and some other districts the ala^ is ran into moulds 
and afterwards used for foundations, embaukments, reclaim- 
ing land from the sea, and for similar purposes. In the 
Black Conntry the author has seen walls, and eren houses, built 
up of moulded slag blocks, and they hare in some instances 
prrsente-l a very pleasiDg appearance, owing to the Tariegated 
nature of the slag. But in all these cases there is a limit to the 
application, whilst th«;re at preseut continues to be no limit to 
the suptily of the material. Attempts have been made to 
utilize slag for ornamental purposes, by ronning it into moulds 
and afterwards annealing it ; but the latter process was found 
to be too costly, and this anticipated source of relief preyed to 
be but one of disappointment. 

In some Continental countries building stone is very scarcej 
and as slag appeared to contain the elements of a good building 
material, it was submitted to seemingly endless experimeut, 
attended by apparently endless failure. In lime, however, 
success came, and the result was the production of a very useful 
material for certain kinds of construction. Tlie process of manu- 
facture as carried out at Kooigshiitte, in Silesia, consists in 
tnnning the slag from the fornaee into a hemispherical basin on 
wheels. The bottom of this basin is covered with sand or fine 
coke dust to the depth of about IJ inch, and the wagon is drawn 
to the point where the bricks are to be made. The slag and 
sand are mixed together with a curved iron tool until most of 
the gases have escaped and the mass is about the consistency of 
It is then drawn with the same tool into a mould with 
cover, and punctured several times to let out the gae. 
ir, which fits into the mould, is then turned down, and 
becomes compressed. By the time three or four moulds 
" ailed, the first slag brick is sufQcieutly solid to be 
This is done by raising a clamp, which allows the 
to separate. The red-hot brick is now drawn into a kiln, 
i over with powdered coal and left to anneal. Each kiln 

itains 1000 bricks, and is from three to four days in cooling. 

'V n make 500 of these bricks in three hours. Tha 

isnufacture from brtsakage is about 20 per cent. 
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These bricks are rough on their surfaces, but on account of their 
larger size do not require more moi-tar than an ordinary brick, 
Tbey do not readily absorb moisture, and for that reason are 
extensively used in the construction of foundations. In Silesia 
these bricks cost 25 per cent, less tban an ordinary brick. 

In the Hartz mountains the lead-furnace slags, which ate 
silicates of iron, are run into moulds and compressed, thus 
forming bricks fur building purposes. They are, however, of 
inferior quality, being very brittle, and houses built with them 
are usually coated with compo. One of the first snccessful 
attempts on the Continent to transform slag into a useful build- 
ing material was that made by M. Sepulere, a Belgian engineer, 
Hia process consists in running the slag into pits having the sides 
inclined at an angle of about 30 degrees. This quick increase in 
the sectional area of the pit allows the solid crust which forms 
on the top of the slag to rise with it without becoming attached ; 
the whole mass of slag is thus liquid, and solidifies from above 
and under pressure, being left several days to cool. When firist 
turned out the stone thus produced caii,^»6 readily broken into 
any required shape ; but it gradually harilaHS on exposure to the 
atmosphere. The primary conditions of success with this 
process are that the tumace is in good working order, and that 
the slag contains about 40 per cent, of silica. If Kme be present 
in excess, the stone will crumble to pieces on exposure. From 
experiments made by the " Conservatoire des Arts et Metiers," in 
Paris, with the stone produced by M. Sepulcre's process, it was 
found that when made from the slag of grey iron it became 
fissured at a pressure of 3100 lbs. per square inch', and was crushed 
under 5700 lbs. Stone made from white iron showed fissures at 
3450 lbs., but it did not give way until a crushing strain of 
12,600 lbs, per square inch had been reached. 

Another application of blast-furnace slag on the Continent is 
that of glass manufacture. In Belgium experiments in this 
direction proved so successful that it led to contracts being 
entered into, by the glass manufacturers in some parts of the 
country, with the proprietors of blast furnaces for the regular 
supply of slag for this purpose. The only preparation necessary 
is to ran the slag out on to iron plates and to cool it with water. 
By far the most general method of dealing with slag is to 
granulate it with the view of its ultimate adaptation to con- 
structive purposes ; and this course of treatment is carried out 
in various ways both in England and on the Continent. When 
io Belgium a short time since, the author visited, amongst other 
industrial establishments, the ironworks of M. Dallemagne, at 
Bclessin, There the slag is granulated in a very simple manner. 
On being run oft' from the blast furnace it is made to pass 
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thnx^ s stream of water, which has a euEBcient relocity to 
cany the gnms of sUg into a pit, from which it is raised and 
delivered into mgous by an endless cliain with backets attached. 
Tbe water enters uader the slag and the steam formed at the 
jmctkD of the two b said to materially assist in breaking np 
theslag. The only laboorreqtiiredis that of a conpie of bojB, 
vho ocGaaooallj agitate the mixtare of slag and water, one at 
tlie point of entrance and the other near the buokets. The 
iarraitioo of thi? simple process of disintegrating slag, which is 
extensiTely nsed iu Belginm and France, ia said to be dne to 
H. MinaiT, director of the Franche-Comte Iron Company. In 
these works, which consist of five blast foniaceB, each producing 
20 tons in twenty-foor hoors, the introdnction of the system 
resolted in the saving of the wages of twenty men who were 
previooslr occnpied in chaining" the slags, and of 6ve black- 
smiths who repaired their tools. The saving effected is from 
5000 to 6000 francs per annum. Beyond this saving, however, 
there b another al^olate gain afforded by the utilization of this 
granulated slag in various departments of the works. The first 
uses to whii.-h granulated slag was tliere put were us a substitute 
for gravel, and for making the bed of the casting-housa Tho 
pigs came out of these beds very clean and bright, and were 
preferred by the puddlers even to those cost in iron moolda. 
This method of using the slag is now of almost universal appli- 
cation in the Siegeu district in Prussia, where most of the 
tiiinac«s run on spiegel. The cleanness of the pigs cast in alag 
beds suggested its partial application to moulds for fine castings, 
The fine dost was sifted out from tlie granulated slug, and with 
it the moulds were sanded, the result being that the castings 
turned out better and cleaner than before. As may be sup- 
posed these applications only consumed a very small portion of 
tlie slag ; the surplus was therefore offered to the railway com- 
panies, and they find good use for it as a ballast, paying a 
moderate price for it ; the foundries thus obtained a revenue 
from what had previously been but a soaics of continual expense, 
't is stated to make a good ballast ; being porous it retains but 
■"e moisture and packs very well. 

m the first moment that the granulation of slag became 
wmplished fact its substitution for sand in construction 
Tiled itself, and its use in this respect has been attended 
ery good results. It was first mixed with lime and used 
oortar, and some having been left from a job was soon 
ards found to have become very solid. This was suggestive 
rther apitlieations — the preparation of concrete and tl 
ruction of foundation walls. To both of these purposes 
DBCu illy applied Then followed the idea of 
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fftcturing bricks, and the proprietors of the Georgs-Marienliutle, 
in Hanoyer, mix the granulated slag with lime, ptesa and sun- 
dry the bricks moulded tberetrom, and have used them very 
largely in the construction of their buildings. They cost mucli 
less than the ordinary bricks, and being almost white give a 
light, cheerful air to the buildings. Another application of 
gi'anulated slog consists in coating the surfaces of unburnt bricka 
with it, and burning them out of contact with coal. This 
produces an enamelled face — an appearance which is much 
sought after in some places on the Continent. By the admixture 
of slag sand with fire clay the quality of the bricks made there- 
from is said to be greatly improved. This suggests the appli- 
cation of the sand in the manufacture of bricks for puddling 
furnaces, where a highly refractory material is still a desideratum. 
The possibility of manufacturing cement from granulated slag 
has been demonstrated at one of the largest ironworks in 
Germany, where experiments were carried on for several years 
with the view of determining the point. Large works have 
been constructed in connection with this foundry, where an 
artificial cement is manufactured which is said to be equal to 
the best Porthind cement, and which is produced at a very low 
price. 

The important part which carbonic acid plays in rendering 
soluble the various mineral substances i-equired by plants for 
their growth, baa led to tlie supposition that blast-furnace slags 
can bo profitably employed for agricultural purposes. Whether 
German ingenuity hae succeeded in the successful application of 
slag in this respect the author is not aware. That English skill 
has not been able to effect the object he is aware, as will 
presently be shown. Hitherto the author has confined himself 
mainly to the theory and practice of Continental metallurgists 
in the malttr of the utilization of the slag of blast furnaces. He 
will now proceed to deal with the practical development of the 
question m England, noticing en passani such proposals bearing 
on the subject as are ,of interest or value. In tiiis, the home 
department, as it may he termed, the author is able to supply 
inturmation of a more precise and detail character, and to sliow 
by diagrams and models the exact form of apparatus used in 
producing ^dven result*, which results, moreover, are theraaelves 
illustrated by samples of the various products, 

Amougst the earliest scientific investigators of the question of 
applying furnace slag to economic purposes was Mr. ^Bessemer, 
one of our honorary members. In the year 1863 Mr. John Gjers, 
of Middlesborough, also a member of our Society, patented a 
plan for grauulatiiig slag by running it into agitated water. 
The sand thus produced was used iu place of siliceous sand on 
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the pig beds. Mr. Gjers, however, informs the author 
gave up the practiue because in Middlesborough no cover ia nsed 
over tne pig beds, and in' wet weather some trouble was occa- 
sioned by the slag absorbing and retaining water. Moreover, 
sand is very cheap in that part of the country, and the iron- 
masters there failed to oppre^^iate the advantages of having a 
good Qax on, their pigs rather thaa a eiliceons sand covering, 
wliich does not tend to promote good yield either in the pud- 
dling or the cupola furnace. With covered pig beds Mi. Gjers 
experienced very good results. 

In 1871 Mr, David Joy submitted to the iron trade of 
Cleveland a plan for ghip{>ing slag in blocks, differing somewhat 
from a plan proposed by Sir, Charles Wood a year previously to 
the Tees Conservancy Commissioners, not only for taking the 
slag to their breakwater, Imt also for removing it direct frcnn 
the furnace by an endless band. Simultaneously with this a 
simitar plan was projected by Mr. Thomas Bell, and soon after 
practically worked at Walker. Messrs. Smeeton and Bowler, 
•Mr. Lurrman, and Mr, Homer also deserve honourable mention 
for the active part each has taken in promoting the solution of 
the slag difiBculty. But, perhaps, no names have been more 
prominently before the public of late years in connection witli 
the subject than those of Blr. Charles Wood of the Tees Iron- 
works, Middlesborongh, and Messrs, Bodmer of the Spring Valo 
Brickworks, Hammersmith. Sir. Wood has designed and 
brought into successful operation machinery for the granulation 
and disiutegration of slags, whilst Messrs. fiodmer, taking the 
results of Mr. Wood's process, have been no less successful in 
utilizing them for constructive purposes. Messrs. Bodmer have 
also devised a special method of reducing slags to a state of 
division of various degrees of fineness. Mr. Wood's disintegrators 
are of two kinds, horizontal and vertical ; the former is used 
for reducing the slag coart^ely, and the latter for producing a 
fine slag sand. Fig. 1 represents a, plan, and Fig, 2 a sectional 
elevation of the first of these, whicli Mr, Wood terms a slag- 
cooling machine. It consists of a circular revolving table 
composed of thick slabs of iron. The table is kept cool by 
means of water which circulates through cbannela formed in the 
slabs. A set of scrapers are attached to a fixed arm carried 
above the table. The table is made to revolve very slowly and 
the liquid slag is delivered on to it, aud forms its own thickness, 
vairing from J inch to f inch. As soon as the slag has parted 
with sufficient heat to become solid, water is allowed to run 
freely upon the surface, and by the time it arrives at the 
scrapers it is sullicientiy cool to part from the table readily 
and break t then drops into the slag wagons, and as 
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each wagon is fiiled it ia removed and another takes its 
place. 

The slag-sandiiif; machine is the reverse in principle of that 
just described: Fig, 3 is vertical section. Fig. 4 a side eleva- 
tion, and Fig. 5 a transverse section of this machine, which in 
shape somewhat resembles a rotary puddler. Its sides, however, 
are only made snfSciently high to enable it to contain from 2 feet 
6 inches to 3 feet of water in the bottom. This cylinder is kept 
in motion by a small steam engine, and the water is agitated by 
means of buckets placed inside the periphery of the cylinder. 
These buckets are perforated so as to act as screens, to separate 
the sand from the water. They also elevate the sand to the top 
of the machine, where it drops into a spout, and is conducted 
thence into wagons. The speed of tlie machine is about 
100 feet per minute, or about four and a half or five revolutions, 
according to the nature of the slag. Thus, the water is kept in 
a violent state of agitation, and the liquid slag, which is run 
into it direct from the furnace, is instantly scattered in the body 
of water in the form of sand, the water taking up the heat and 
throwing it off again in the shape of steam. The action of the 
machine is so perfect that no crust nor any large pieces are 
allowed to form. On the table are samples of this slag just as 
it comes out of the machine. The slag is delivered in a constant 
stream into railway trucks, in a suitable condition for being 
dealt with for manufacturing purposes. 

The nest point for consideration is the manner in which the 
material thus produced is converted into a commercial article. 
There are four chief purposes to which granulated slag is 
applied : these are the manufacture of bricks, mortar, concrete, 
and cement, and chief amongst those who have persistently 
devoted themselves to the question of utilizing slag in these 
respects are Messrs, Bodmer and Co., who take np the question 
exactly where Mr. Wood leaves it, and so carry out the ultimate 
application of the slag in practice. After proving his machines 
to be a success, Mr. Wood sent some of the slag sand to Messrs. 
Bodmer, who, by mixing eight parts of the granulated slag 
with one of cement, produced a valuable brick, specimens of 
which are on the table. By Bodmer'a process the sand requu'es 
no further manipidation than the mixing it with lime, and 
submitting the compound to hydraulic pressure. After two or 
three weeks' exposure to the air the bricks are found to be fit 
for use. In making mortar Mr. Wood uses five parts of the 
- sand to one of lime, which, when well ground up together, form 
an excellent mortar, nearly equal to cement. By adding about 
5 per cent, of ironstone to the mass Mr. Wood has found that 
the strength of the material is greatly increased. Concrete is 
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made by combining six parts of the rough slag from the first 
machine with one part of the mortar just described. The 
materials are workea up well and moulded into blocks, which 
are found to be very suitable for foundations and for the walls 
of cottages. Concrete made from Mr. Wood's rough slag mixed 
with Portland cement has been extensively used in carrying 
out the drainage of Middlesborough ; and, as far as the author 
is informed, its use has proved very satisfactory. The manu- 
facture of cement from slag has also been attended with good 
results, as will presently be shown. 

An important consiaeration in determining the commercial 
success of any invention, and one to which the practical mind 
intuitively turns at the outset, is that of cost. It is satisfactory 
to find that in the utilization of slag for the purposes mentioned 
the question of cheapness in production has been placed beyond 
doubt, as shown by the following statement of facts, which have 
been compiled from actual working, and communicated by Mr. 
Wood to the author : 

Slag Sand. 

Taking the make of the furnace at 25 tons of iron, there would be a yield of 
about 36 tons of slag. To convert this into sand the expenses would bo— 

«. d. 

One man, per day 4 

8000 gallons (water) at 3J 2 } per shift. 

Wear of machine 3 





9 


X 12 -*- 36 = 3d. per ton. 


Concrete Blocks. 




Rough machine slag, 8 tons . . 
Slag mortar . . . . 1 „ 


s. 

.. 4 
.. 4 


d. 




y ,, 

Labour, Is. per ton 


= 8 
.. 9 








17 


-i- 9 = l5. lid. 



Is. lid. per ton, or |d. per cubic foot. If with ironstone, about Id. per cubic foot. 

Mortar from Slag Sand. 

8. d. 

5 tons sand, at 3d 13 

1 ton lime, at 15s 15 

— - «. d. 

6 16 8-i-6 = 2 8 
Grinding 14 

4 

Four shillings per ton. 
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Brkh. 

2 tans 10 owt, of ekg Band atSd. per (on } 

Wear of machina 13 

Coala and water 10 

Labour, An 3 2 

PcrlOOO 10 



The following analysis of blast-furnace slag has ah 
Ifiunished by Mr. Wood to the author : 

Anahjsis if Fumnee Slag. 

Silica 38-25 

Alumina 22 19 

Lime 3156 

Magnesia 4'1'1 

Protoiide of iron 1-09 

MangatieBe trace. 

Calciu anlphide 2 ' 95 

100-18 



The author has already referred to the part taken by Messrs. 
Bodmer in conyetting the alap sand produced by Mr. Wood's 
machinery into bricks. But Messrs, Bodmer have done more 
than this ; they have designed a system of slag reduction upon 
what may be termed the dry principle in contradistinction to 
that of Mr. Wood, which is on the wet principle. This system 
had been perfected after protracted experimental working at 
blast furnaces in Wales. A careful investigation into the 
properties of slag produced in the wet way led Messrs. Bodmer 
to the conclusion that there were conditions to which slag so 
treated was inapplicable. They found that sand obtained by 
tunning the slag into water consisted of large and small 
granules of a spongy porous character and very light. Carefully 
examined it would seem that the water causes the slag to form 
agglomerations of ccUtilea, each of which encloses a certain 
amount of moisture. When heated the moisture becomes 
converted into steam, which does not escape, but re-condenses 
upon the temperature being lowered. It is found to be 
practically impossible to dry such sand without previously 
pulverizing it. This spongy slag, when used as railway ballast, 
does not readily settle down into a solid compact mass, and 
hence arises an objection to it in this respect. It is, however, 
well adapted for certain descriptions of concrete and for brict- 
making. How far its sponginess affects its resistance to 
compressive strain, the author is not prepared to state. In 
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mannfactnring bricks from spongy Blag-sand, Messrs. Bodmerf 
find it oecfssary to pnlveiize the saud before they are able toM 
use it, in order that it may attain the reqiiisite degree of dryness. ■ 

The object of Messrs. Bodmer therefore was to produce the 1 
sand in a dry condition, and they effect this end by passing the I 
elag through rolls. The slag is delivered direct mtm the blast 
furnace into a pair of rolls, revolving either with equal or dif- 
ferential surraoe speeds. If the object is simply to obtain the slag 
in a convenient form for removal, the rolls are set wide apart; 
with rolls working at equal surface speeds the alag is delivered 
in the form of a continuous band of the same width as the rolls 
and about i inch thick. The slag is either deposited in a truok 
direct from the rolls or fed upon a forwarding apparatus, ae most J 
conTeuient. With plain roUs moving at diderential surface.! 
speeds, or with corrugated rolls, the slag is delivered in slabs. 1 
Blag produced in this manner, and without being brought into 
contact with water, retains its crystalline fracture and hardness, 
as will be seen by the specimens on the fable. This condition 
is most favourable to its use ibt ballasting and for the manu- 
&cture of concrete. If the slag is required tor the manufacture 
of bricks, mortar, or cement, plain rolls revolving at differential 
speeds are employed, the rolls being set a greater or less distance 
apart, according to the thickness of slag scale desired. When 
the slag on issuing from the rolls is allowed to drop into water, 
it is rendered amorphous without becoming spongy, and without 
the capacity for retaining water peculiar to spongy slag. Huch 
slag being very friable, as the specimens on the table show, can J 
be further disintegrated, if desired, with facility. With the rolls I 
placed very close together and with considerable differential 1 
speeds a very fine thin scale is produced, especially suitable for 
the manufacture of slag cement. 

In carrying out their process of disintegration Messrs. Bodmer 
do not employ any special mechanical arrangement. The rolls , 
are of the ordinary type, about 25 inches in diameter and ■ 
20 inches in length. Beneath them is a moving shoot by which I 
the rolled slag is fed either on to a chain belt or a bucket belt* I 
which delivers the slag into the trucks. A pair of rolls of the I 
dimension stated will take through about 94 cubic inches of I 
slag ^ inch thick per revolution, or working at a speed trf I 
thirty revolutions per minute, and the slag weighing 120 lbs. 1 
per cubic foot, 195 lbs. per minute, or moi'e than five tons per I 
ioar. This rate of working is ibund ample to meet the I 
exigencies of the greatest rush of slag. Messrs. Bodmer's method I 
of preparing the slag has not yet been adopted in practice, but I 
the p' ' 's informed that a licence to work tlieir patents .in 1 
the torough district bas been granted by the iuTentoraj 
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a cotnpany which )iaa been formed in the iron districts for 
le utilization of furnace slag. The same company has also 
arranged to work Iffr. Wood's patent. 

In converting the slag into bricks, Messrs. Bodmer first feed 
that material into a hopper placed over the measuring apparatus, 
from which it issues in a uniform layer on a carrier belt. At 
the same time the lime and other cementing materials are eat^h 
fed into a sepamte hopper and measuring apparatus, and upon 
issuing therefrom are passed together througn a mixing appa- 
ratus, from which the mixture tolls upon the travelling layer of 
slag sand. Tiie cemeiitiog material and the sand are then 
paased- in combination through another mixer, in which they are 
intimately incorporated. The compound is then delivered on 
to a travelling belt, by which it is conducted to the brick press. 
The whole of these operations, with the exception of the feeding 
of the hoppers, are antomatically performed. The brick press 

on the nydraulic principle, and is worked by a hydraulic 

CB pump and an accimiulator. It consists of a circular table 
Revolving horizontally, and fitted with six pairs of moulds. 
"Whilst four moulds are being filled, four others are under 
pressure, and finished bricks ai-e being discharged from the 
remaining four, the processes being carried on simultaneously. 
The bricks are removed on barrows to the drying sheds, where 
they remain until ready for use. The time required for 
ripening is from three to five weeks, according to the character 
of the lime used, and according also to the weather. The press 
is worked at the rate of seven strokes per minute, producing 
therefore twenty-eight bricks per minute, or at the rate of 
80,000 per week. For this production two men and four boys 
are required, exclusive of wheelers and pliers. 

A series of experiments were made for ascertaining the degree 
of absorption possessed by bricks of various kinds. The bricks 
were dried on a heated iron plate and were then weighed. 
After having been immei-sed in wat#r for fifty houi's, they were 
again weighed, with the I'ollowing results : 
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meighatl dry 

Water taken up pec trick .. .. 
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Iba. OL 
5 15 
7 2i 
1 3i 
20-26 


22-73 
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7 1 
7 
7-09 
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7 7i 
7 12i 


5 71 

6i 
7«! 
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The manufapture of cenufnt from slag presents several 
features which are worthy of consi deration. A great similarity 
exists between trass, a cemenlitions substance found along the 
banks of the Hhine, puzzolano, and blast-furnace slag, as will 
presently be seen by the results of analyses. Sotwitmtandiug 
this eimilarity it does not appear that furnace slag has yet come 
into commercial use as a cementing material. It has, however, 
been made both in England and on the Continent, and has been 
snccessfally used by those by whom it has been made. But aa 
far aa the autlior can asceitain it ha.^ not yet become a regularly 
constituted article of commerce in any eouutry. The reason 
for this appears to lie in the fact that unless the elag is dis- 
integrated under pressure and out of contact with water the 
material is not in a proper condition for the purpose. Messrs. 
Bodmer therefore pass the slag through rolls closely spaced, and 
to produce a reliable cement from it they grind it to an im- 
palpable powder in company with the hme. The slag must be 
perfectly dry and at the same time friable. The stronger 
the hydranlic properties of the lime used, the more reliable the 
slag cement becomes. Practice has, moreover, proved thai 
the slag from a grey iron furnace yields the beat results. 

The following Table gives the results of some comparati' 
experiments with s^ag and Portland cements : — 
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The results were obtained under tensile strains, and the 
slag cement was composed of sis parts of slag from a blast 
furnace producing No. 3 foundry iron, and one part of lime of 
medium hydraulic properties. 

Tha following Table gives comparative analyses of slag a 
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trass, and puzzolano, and showa the similarity already referred 

to as ex iH ting between those eubstaQces. 





BlaHt-Funwoe Slug. 


Tnn. 






CltTcUnd Milrlol. 


Wili^ik 




SUica 

Alumina .. .. 
Lime 

ProtoiLdeotifon-" 

PolaBh 

Boda 

Bulphor 

Water 


38-20 

2ti- 

27- 

9- 

1-30 

0'40 


40-75 
24-47 
24-50 
7-17 
2-05 

0'-'65 


34-00 
24-33 
34- 

5-88 
0-07 

l"72 


49-50 
15-20 
19-70 

8- 

8-82 

l"29 


45-0 
16-42 
26-78 
0-40 
5-20 
0-46 

!! 


57- 
12- 

2-60 

1- 

5- 

7- 

!■ 

b'-'40 


44 
15 
8 
4 
12 
1 
4 

9 


50 

80 
70 

40 
20 



Tbe applicability of slag to agricultural purposes, to which re- 
ference has already been briefly made, is at present very proble- 
matical. Although it contains ingredients which in themselves 
are fertilizers, it is questionable whether these substauces exist 
in the proper form for assimilating with the soil. The lime in 
the slag, for instance, assumes the form of a silicat-e, a totally 
different condition from that in which it is used in agriculture. 
Mr. I. Lowthian Bell, the| President of the Iron and Steel 
Institute, himself a producer of blast-furnace slag to the extent 
of about 1000 tons per day, informed tlie author that, being 
desirous of utilizing tne slag, he granulated some and applied it 
on land where it was somewhat heavy. On comparing the crops 
on the land thus treated with those on similar adjoming land 
not dressed with slag, he could detect no difference whatever. 
It would, therefore, appear, that as far as this application is 
concerned, the conditions under which it may bo effectively 
used have yet to be determined. 

Another application, which, although it has proved to be more 
Eraccessful than the last, is at present quite as far from being 
adopted in practice, is that of a clothing for steam pipes. To 
produce the slag in a proper condition for this singular purpose, 
a blast of steam, water, or air is forced into the stream of viscous 
slag as it is run from the furnaea Thus treated the slag 
aasmnes a fibrous form similar to spun glass, and is known as 
" furnace wool" When the stream of slag is imperfectly acted 
on by the current directed against it small globiiles are formed 
about the size of shot. This fibrous slag is a bad conductor of 
heat, and has been used as a covering for steam boilers and 
pipes. Slag has also been used for adulterating emery povder. 
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Siioli, tlion, nro the prinriples and practice of slag ntilizatkn, 
us tin y rxist at the |)ns('iit time. The principles can haidlybe 
Haiti to 1h* I'uily (Irvclopfd, nor the practice much more thania 
its iiit'aM(*y. Kiirthcr iuvesti^^ation, for which there is room, 
will prohalily Im; found to modify present principles, whilst 
extended workiii;; will doubtless suggest alterations in practice^ 
and lioth will add to tiie discovery of more numerous usesfoi 
Kla;r. 'i'lio author is convinced that these three things will 
result in time, as a natural consequence of the general desire to 
]ir(>niott3 thci economic use of blast-furnace slag, and thofl to 
(M invert a soun.'c of ul>soIute loss into a means of permanent 
protit. And what is true as regards the utilization of slag holds 
^(Kid also with respect to other substances, which may now be 
treated as waste. Doubtless the progress of science, in 
]in>Miotini^ economy of working, will yet lead to the utilization 
ol' substance's ior whi<di at present no satisfactory use can be 
found. All nuittcr was but so much waste before the creativo 
fa(*ulty of nnin provided appliances for its utilization. And 80 
liunian progress will further show, that what is now the Teriest 
wastes will, in the course of time, assume a condition of valoe. 
Thus will art ha made to approximate to nature, in that she 
will know no waste. 

DISCUSSION. 

Mr. C^iiAin.Kfl Woon, in the course of a further description of 
his junei'ss lor utilizinjj: sla^, said that he did not quite under- 
sliiiid Mr. Nursey*s explanation of the process carried on in 
lli'lj-inni for ni!ikin«:: cement, lie (Mr, Wood) had made a very 
Ijm'M' jnnf»nn1 of mortar in the C'lcvcland district, jind lie had 
flone n. Jinnnlity of <'oncrete work with it. The mixture con- 
tiiimMl only one-seventh part of lime, being composed of one 
pari, of y«'ll«»w limestone* to six parts of slag sand or the spongy 
sing, 'rinit formed pure mortar, lie was now building* witn 
that mntrrial which was j>ro(luced by the horizontal machine 
and mixed with tlu* mortar, which made a concrete and formed 
a very compact mass. IMortar could be made at 3s. 6d. a ton, 
and it was not veiy much inferior to cements for which 60s. a 
ton was paid in his district. When he read his paper before 
the Iron and Steel Institute in the present year, Mr. Lowthian 
Bell made some disparaging remarks upon the application of 
slag for manure. Ho (Mr. Wood) had taken a great deal of 
trouble in investigating that mode of using slag, and during 
the spring he had sent out in the different districts between 
400 tons of the slag sand to the farmers in his neigli- 

\y As far as ho had found, it w^as universally apjiroved, 
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I vegetation had been moat vivid where it had been applied. 
^ntlemau had recently told him that where it had been 
^lied the grass grew to double the ordinary height, and the 
"'a gathered more than anywhere else. The spongy elag, 

I examined by means of a microscope, was found to be 

in a minutely divided state, and when brought into contact 
with the soil it decomposed. The lime was precipitated ; the 
silica was also precipitated; and the sulphur was liberated and 
assisted very materially. Wheat straw contained about 60 per 
cent, of silica, and when wheat was grown year after year on 
the same land, that silica was never returned to the land. The 
slag sand contained that very important ingredient, and a 
marked improvement in the growth of wheat had been caused 
by its use. The same material had been applied to potatoes, 
which grew with a beautiful clean skin, and quite free from 



The PnESiDENT asked how it was that the iron of the slag 
was valuable on land. He endorsed the view that silica and 
lime would be useful, but that would be quite apart from the 
iron. 

Mr, Wood said that the only iron present in the slag was 
contained in about 1 per cent, of peroxide of iron, as shown by 
the analyBia which had been given in Mr. Nuraey's paper. 
Many wheat lands contained about 8 or 10 per cent, of iron, 
particularly the clay out of which red bricks were made. 

The President said that, as he understood Jlr. Wood, he 
claimed that the slag, apart from its other advantages, con- 
tained 28 parts of silica, 22 of alumioa, and 31 of lime, which 
were substances useful iu an agricultural point of view. 

Mr. Wood replied that there was also calcic sulphate— or, in 
other words, plaster of Paris, or gypsum — and that formed a 
manure of itself which had been found very valuable ; therefore 
ihere were four useful manurial ingiedientfl in the slag. 

Mr, J, J. BoDMER was invited by the President to give some 
further information about his process. He said that Mr. Nursey 
had 80 fully explained it that there was very little to add. The 
process was very simple. A pair of plain rolls with necessary' 
driving power were aU that was required. One advantage of 
disintegrating slag according to his process was, that it mat- 
tered not what tlie nature of the slag was — whether it was gtey 
or black, and it could be produced either ^ inch or f inch 
thick, or in a perfectly thin scale. There was practically 
BO wear on the surface of the rolls, for the material was plastic. 
The only water used was that which was passed into and 
through tlie rolls to keep them cool, and the same water could 
be used over again. Besides that, he used water only when he 
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reqaind amorphooB slag — slag which rould be easily cmsbed 
up. Fur ihnt parpose he allowed the sing to drop into water 
mnn the rolls. Bat even for makiog bricks or cement that 
form coald be easily dispensed with, because he could roil the 
slag so thin that it would work up afterwards as easiljr as sugar 
or salt. With reference to the Dianufactare of cement, he 
might observe that the spongy slag made a verj- good cement 
if it was ground with lime and used at once. It became moist, 
or, in fact, wet ; and if it could be used there and then, it 
formed first-rate cement, and excellent work conld be done with 
it. But in order that cement might be commercially availably 
it ought to be in a form similar to Portland cement or ground 
lime. It could be so produced from the rolled slag, becauwJ 
that matenal 'ontained no water, and cnuld therefore be groundl 
np perfectly dry. It was capable of forming a much finer*^ 
powder than Portland cement. The weight of the slag cement 
wao nearly the same as that of Portland cement; and the 
mixture could be packed in casks and sent about as an article 
of commerce. The advantage of making bricks with the dry 
slag was, that there was no trouble in getting the material 'If^'J 
They could make very excellent bricks with spongy sl^; bntfl 
after the spongy slag was mixed with the lime, a certain time^ 
had to be allowed for the lime to take up a portion of the 
moisture before the mixture could be passed through the press. 
If that was not done the water would ooze out from the mou]d% 
and inconvenience would result. The dry slag would press 
better than the other, and fill the moulds more et^ually. Hm 
firm commenced to utilize slag about seven years since, and he 
believed they were the first to carry out the process in England. 

The President asked wliether the last speaker meant toi~ 
Imply that moisture deteriorated slag cement in the same waj^ 
as Vortland cement. 1 

Mr. BODMER said that moisture would, of course, cause thfll 
cement to set. ' 

Mr. A. Williams asked whether the slag bricks were bumtV 
in a kiln. I 

Mr. Woods replied that the bricks were air-dried, and simply^l 
subjected to hydi-aulic pressure. I 

Tlie President said that he supposed the slag bricks were I 
not applicable to the purposes to which fire bricks were I 
applied. r 

Mr, WHLlAMa said that, with 30 per cent, of lime in them^ I 
they could not be fit for fire bricks. They appeared to him tol 
weigh one and a half times the weight of the ordinary stock ■ 
bricks, and consequently would not compare favourably with! 
' im aa regarded carriage. ' 
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Mr. BoDMEE said that a brick produced from the lias lime 
was very mucli lighter than any stock brick. 

Mr. Williams said that the weight of one sort of the bricks 
exhibited waa reduced by the brick being hollowed out; but if 
a wall waa built with bricks of that kind, the hollow must be 
filled up with mortar, or there would be an air space. If there 
was to Tbe an air epace, then those bricks ought to be compared 
in weight with perforated bricks, and he doubted whether, in 
that case, they would not be found to be heavier. 

Mr. Wood said he believed that the bricks referred to 
weighed about 7 Iba. each. 

Mr. NcRSEY said that he had given the weight of various 
bricks in the paper. Those made from the spongy slag 
weighed 5 lbs. 7i oz. each, and were lighter than the best 
gaiut bricks, which weighed 5 lbs. 15 oz. each. 

Mr. Williams said that it appeared that the stock brick was 
the lightest. The cubical contents should be taken into at-eount. 

The Phbsident remarked that the slag bricks were not so 
absorbent as those made from clay, and therefore there must 
be more difficulty iu the setting' of the mortar. That was the 
disadvantage in the gault bricks. There was no tie or absorp- 
tion in them, and hence there waa an absence of strength in the 
work. An 18-ineh wall made of thorn might be readily pushed 
down, and if that was done it would be tbund that there had 
been no coheeiou, 

Mr. Wood, in ansner to various inquiries, said that tbe slag 
--'liricks did not contract in buruiug. They could be glazed on 
■"iHi^ side if necessary, but in that case they must be subjected 
■to heat that the glaze might be reduced. They were quite 
equal to undergoing even a white heat without deteriorating ; 
but the great feature in them was tliat they did not require 
burning. Stacking bricks in a kiln, handliug them, and con- 
sequent breakage, formed a serious cost iu the production of 
ordinary bricks. Sli^ bricks could he easily made at I'/s. a 
thousand at iron works. They required heavy pressure as a 
means of increasing the atomic contact in the mass and re- 
ducing the quantity of lime. It was the chemical action of the 
lime upon the slag which made the bricks set so hai-d, and the 
more the substance was pressed, the more were the atoms of 
lime brought into chemical combination with the atoms of slag. 
He looked upon the pressure as being useful in bringing about 
chemical action by mechanical power, instead of heat. 

Mr. A. Williams said that from the figures given in the 
paper, it appeared that slag cement improved by keeping. 

Mr. F. W. Bbyant remarked that in about a month the 
strength of the slag cement reached that of the Poriland cement. 
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Mr. Wood said that he had no tests beyond a month, but lie 
had proofs that the slag cement went on increasing in hardness. 

Mr. Wood, in answer to further questions, said that the 
price of 12s. a 1000, which he had quoted for the bricks, in- 
cluded an ample allowance for breakage, although really the 
waste was not above 2 per cent. One of them might fall from a 
height of 100 feet without being broken beyond having a comer 
knocked oflF. They would not suflFer disintegration by exposure 
to air. The more they were exposed the harder they would get. 
That would also be the case if the surface were cut. As far as 
he had seen, frost failed to aflFect them. He did not think that 
even in long continued wet weather they would absorb so much 
moisture as to be liable to damage by frost. He believed they 
absorbed less water than ordinary freestone. 

Mr. J. J. Miller asked if the cement would bear mixing 
with sand in the ordinary proportion, as with Portland cement. 

Mr. Wood said, that if the slag cement was in a dry powder 
it could then be mixed with sand in the ordinary way, as Port- 
land. In Middlesborough they simply mixed the lime with the 
slag sand as it left the machine. There was suiBScient moisture 
retained in the slag to wet it ; and it was then used directly for 
buUding purposes. In less than three hours after it was laid 
the bricks were so completely set that they could hardly be 
knocked off with a trowel. Mr. Bodmer, in his process, ground 
the dry slag and mixed it with lime, and then sold it already 
mixed. 

Mr. NuRSEY, in replying upon the discussion, observed, that 
the observations which had been made in the meeting had been 
so fully answered by Mr. Bodmer and Mr. Wood that there was 
scarcely anything for him to reply to. Mr. Wood, in his further 
description of his own process of disintegrating slag, as compared 
with the Belgian method, observed, that the latter required 
more water, and that the water must be agitated. It was true 
that the Belgian process required a larger quantity of water, 
but it was also true that boys were employed to agitate the 
water both at its entrance to and at its exit from the stream of 
slag. Whatever difference there might be in the chemical 
composition of the two results, he (Mr. Nursey) was quite 
satisfied that there was very good slag sand produced in Bel- 
gium, though certainly not in the precise form in which 
Mr. Wood produced it. 

]\Ir. Wood said that the Belgian process required more water 
and extra labour. 

Mr. Nurse Y said that the labour was almost nil, being only 
that of two boys. However, the results were not so good as 
those produced in the machines he had described. He was 
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lable to give particulars of tlie proceea of maun facta ring 
ment in Belgium, He believed the method was kept very 
private, and he did not know whether the information waa 
attainable. He had not been able to obtain it. He was glad to 
find that Mr. Wood had been so far able to solve the queation 
of using slag successfully for agricultural purposes. Jlr. Bell, 
both when Mr. Wood read his paper and when in Belgium, had 
stated that he could not obtain any results with it. Possibly 
Mr. Bell did not produce his slag in a condition fit for ita appli- 
cation to the Boil, or his land was not adapted for it. It would 
be very satisfactory to learn that there was a demand for slag 
in agricultural operations. That would be another means for 
getting rid of that vast accumulation which waa now but waste. 
The President said that he had used slag both as a cement 
and as a coucrete, aud he had certainly never found anything 
equal to it. There were some very excellent cements, such as 
Portland and Blue Lias lime, but the slag cement surpassed 
anything of which he had ever had experience, as regarded 
cements made in this countiy. He believed that the Italians 
had adopted the same method of utilizing iron slag — perhaps in 
another form — for many years, and their cement had been 
noted as being most solid and rock-like. After it had once set 
it was almost impossible to remove it without blasting. He had 
no doubt that in the course of time cement made of slag would 
arrive at the same condition. As regarded the bricks, he had a 
very high opinion of them, because for building purposes they 
resisted the action of damp. The stock bricks and kiln bricks 
were very absorbent, and hence in our humid atmosphere, unless 
we built a hollow wall, we had a damp interior. He believed 
that slag bricks were almost like fire bricks; and if they could 
be obtained at anything like the price which had been men- 
tioned they were a most valuable acquisition. Tliey would only 
need to be introduced to find their way into the hands of all 
engineers and contractors. Such persons would appreciate 
their good qualities, and award to the inventors that meed of 

f raise and tJiat support to which they were so justly entitled. 
t was also a matter which was well worthy of the consideration 
of all persons engaged in building operations. The present 
discussion might be the means of more fully introducing the 
invention in this part of the country. Tliere were many uiings 
in the north of which we in the metropolis knew very little^ 
He was very glad that the subject had been introduced to the 
Society, and he hoped that benefit would result both to the 
'jlhabitauts of the south of England and to the inventors of 
|ie slag brick, which was produced from a material which had 
sen for many years without any value whatever. 
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A NEW METHOD OF SETTISG OUT TfflB" 
SLOPES OP EARTHWORKS. 

Bj Chjuojs Jcxias Light. 

c brief paper the «itfa.ordeai«9 to Isj before tbsj 
L wlitcn be believes to be new, of aettiDj 
the aiilewidths lA cuttings &d<1 embankmeQtjs in sidf _ 
ground. The cooditiona ander wbicb thi^ operation has to^ 
be performed may be divided generally into tbree classes. 

1. Wbea the crom-^ectioD ia practi'^lf level, say with aa 
iodiiiation of surface leas than 1 m 100. 

2. When the inclicatioD of sorface in cross-section is fairiy 
nniform and exceeds 1 in 100. 

3. When the crosB-sectioo \s irregular and rongh. 
In caitfts of the first class, of course the process ts perfectly 

Mimple, and in those of the third there is no better method than 
by taking cross-sections as often as required, plotting them and 
iKdting out the centre and slopes first upon paper. It is only 
witli the second class therefore that the author proposes to dcu. 
This is, however, a very large class, and probably includes more 
cases than both the others together, especially at the present day, 
when the use of sharper curves and steeper gradients leads to 
tlie practice of contouring round the shoulders of hilb rather 
than cutting through their enmniite. The ordinary procese may 
be described as tentative, the result being attained by a suc- 
06»8ion of approximations, the number of which, and, conse- 
quently, the speed of the operation, depend entirely upon the ilHIl 
and oxporience of the engineer in charge. The operation itself 
ii) briony as follows : Let the work to be set out be a railway 
cutting, tliroiigli which the chain pegs of the centre line have 
been previously fixed and their levels taken. The engineer pro- 
cwds to inciiBure horizontally from his centre peg, and at right 
wbIos to the centre line, a distance up the hill side such asli^ ! 
lucment kxids him to expect will brin^ him to about the top 
'the slope lit that point. Mere he takes a level, and, abiding 
M difl'creuuo bohvoeu it aud that at the centre peg to the 
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sectional height at that point, he calculates therefrom the hori- 
zontal distance at which the slojie would rim out. This will, in 
all probability, not agree with the horizontal distance measured ; 
he therefore takes another distance and a corresponding level, 
endeavouring to be, this time, rather beyond the true distance 
than not, if the first time he were short of it, or vice veraa, so 
that the true point, if not actually hit upon, may lie between 
his trial points. So he proceeds, with more or fewer trials ac- 
cording to his skill, until the exact point is found at which the 
top of the slope, as calculated from the height, coincides with 
the surface of the ground at the distance measured. The operas 
tion has then to be repeated for the lower side, aud for each point 
at which sidewidths are required. 

For this process of approximations the author aims at sub- 
stituting a practically exact measuremeut along the surface of 
the ground, based upon data easily obtained, and deduced from 
tables of a simple form. The formula employed aud the mode 
of arriving at it will be readily understood with the aid of the 

I accompanying diagram, No. 1 : 
\ F being formation width from centre line, 
I F' formation measured on grouad, 
I H sectional height at centre line, 
I H' sectional height at distance F, 
I S slope of cutting or embankment, 
I D difference of level on cross-section at a distance A from 
r centre peg. 

Let X = width of slope on surface. 

Ijet y = difference of level between ground at distance F' 
and at top of slope. 

^^^Bubstitutiug this value of y in the first equation we have 
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FD 

V A» - D« 
and 

p = r 



For odnyenieiice, let Va^ — D^ ss: M, then totftl cddewidth 
measured on sor&oe 

A "M~ 

A/ SH^I£SFD\ 

"mV*^+ M±SD >> 

A / FM ± FSD + SHM + SFD \ 
~M^ M±SD ) 

The diagrams (see Figs. 1, 2, 3, and 4) have been drawn for 
cuttings, but it is obvious that the same formula applies to 
embankments, the + sign in the denominator applying to the 
lower side in cuttings and the upper in embankments, and the 
— sign tp the upper side in cuttings and the lower in embank- 
ments. The above formula includes all eases except those in 
which H is small, and is approaching the balance line. When 
H' = O, or the formation width itseK cuts out at the surface on the 
lower side in cuttings and the upper in embankments, as in dia- 
gram No. 2 : 

H = f5 and F = H^. 
M D 

As X disappears on the lower side, sidewidth 

^D~ M-SD ~^M-SD" 
on the upper side, as before, sidewidth 

-A 5!_+l_H. 

~ M-SD' 



SETTING OUT THE SLOPES OP EABTHWOBKS. 219 

and .'. generally 

' When H on lower side < F r-r , as in Diagram No. 3, F re- 

mains of the same value as before, viz. F ttj , but is divided into 

M 

two parts, of which 

F-Hg, ..F=Fg-H^=^ ^ 

Then 



and 



g,^j,.D^FD-HM 
A M 

... ASg 



(the condition being now similar to that of the upper side) 

AS FD-HM . 
M-SD" M 

and total sidewidth 

_„ _FA AS FD- HM 

_A FM-FSD + SFD-SHM _ F-SH 
~M' M-SD ~ M-SD 

On the upper side, the sidewidth remains, as before, 

F + SH 



= A 



M-SD 



Therefore A =rp — j7=j represents the value of the side widths 

for all conditions between H' = o and H = o. 

When H = (see diagram No. 2) both sides being, as in the 
last case, similarly conditioned to the upper side in the general 
case, the formula becomes 

AF 

M-SD' ^*^ 
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To recapitulate : 

The general value of side width = A^ 



Its value between the eonditiuns H' = o and H =: o ; thai i 
whLD II = or < -^ , 



It3 vulue wheu II = 



M-SU 

AF 
'M-ttD' 



The moBt convenient value of A will be 100 feet, and 8 
factor in the above formula, which is not readily calculat 
V A' — D^, a table of its values, A being 100 and D varying 
frona 1 to 50, is supplied in a diagram, and ia appended to the 
paper. In working directly from the formula, I>' may be prac- 
tically neglected in cases where D < 10 for the + sign, or 7 for 
the — sign, if the sectional height H be moderate. Thus, with a 
double line formation of 15 feet from the centre, slopes 2 to 1 
and sectional height 10 feet, the result of neglecting D' audi 

using 100 -^ — ^y- as the fonnula will only be an error c 

about IJ inch in the sidewidth. It will, however, be readilv 
seen thut for the most effective use of the method now prop 
tables will bo required, to save loss of time and risk of erroj 
from calculations in field. A specimen of tbe tables proposed H^ 
exhibited in Table No. 2, wherein are given the sidewidths for a 
double line formation of 30 feet, that is F = 15, with slopes ij 
to 1, and for values of D from 1 to 10, and of H also from 1 to 
10, A being 100. It will be at once understood that this would 
only form a small portion of the actual Table, but it ia sufficient 
to show the arrangement and to illustrate the mode of use. It 
must also be remarked, that altliough A is taken = 100 feet as 
a basis for the tables, it does not tbllow that the difference ofj 
level D is always to be taken in practice at that distance from 
the centre peg. More correct results will be obtained by takiuj 
it at any even distance more nearly approximating to the finw. 
point required, and then reducing to the equivalent at 100 t'eefc— 
If, for example, the difference oe taken at 40 feet, the slopdl 
being expected to run out somewhere neitr that distance, aadg 
fouud to be 3 ■ 2 feet, it will only be necessary to look in the TablaT 
for the sidewidth corresponding "to 8 feet, its equivalent at dia 
tance 100 feet. 
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B being premised, tlie practical working of the proposed 
d cao be ehown by one or two assamed cases. An engi- 
neer is setting out for a railway cutting, the formation width 
and slopes of which are aa in the Table. His sectional height of 
cutting at the chain peg is 9 feet. He guesses tbe cross-slope 
of the ground to be about 1 in 20, and talking a level up the hill 
Bide, at right angles to the centre line, at a distance of 30 feet 
from the centre peg, measured on tbe surface of ground, he finds 
the difference between that point and the centre peg to be 1 -SO 
feet, equivalent to 6 feet on 100. Referring to the Table, he 
finds at the intersection of H = 9 and D = 6 the value of the 
uppereidewidth tobe31'4, and sets out accordingly. Similarly, 
on the lower side, in case there should be any variation in the 
cross-slope of the ground, be takes a level down the hill side at 
a. distance of, pay, 25 feet from the centre peg, and finds tbe 
difference between that and the centre peg to be 2'0 feet, equi- 
valent to 8 feet on 100 feet. At the intersection of H = 9 and 
D = 8 is found tbe value of the lower sidewidth, 1^5 -5. The 
aidewidths thus found are exact, and all delay in making approxi- 
mations and all possible errors in calculation are avoided. 

Again, let it be supposed that sectional height of cutting is 
1, A Bimilar process will give 18'2 feet for the upper and 
15 '4 feet for the lower sidewidth — the latter having now cut 
out above ground and become an embankment. If the railway 
be in bank, instead of cutting, the process will be the same, 
" lower " being read for " upper," and vice versa. But it will be 
objected that the sectional heights will hardly ever be even 
feet, and that, therefore, the correct value of the aidewidths will 
not be found in the Table. This is at once granted ; but on 
inspection it will be seen that the differences between the side- 
widths from one foot of H to another are so moderate that there 
will be no difficulty in deducing tbe value, true to a decimal 
of a foot, corresponding to auy intermediate height, and this 
is all that can possibly be required in actual setting out. For 
example, if H.= 9'27 feet, D being 8, and F and 8 as before, 
the values of the upper sidewidths for H = 9 and H = 10 are 
respectively 32-5 and 34 -2. It then hardly requires calcula- 
tion at all to see that the correct sidewidth will be 33 ■ 0. The 
differences for each foot of H, given in the Table at the bottom 
of the columns of sidewidths, will still further facilitate this 
correction. 

A similar objection may be anticipated as to the values of D, 
but it has even less force, because the sidewidths corresponding 
to successive values of D are much closer than those corres- 
ponding to successive values of H, and the difficulty can be 
treated in a similar manner. If, for example, H = 9 ■ 27 and 
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D = 6'45, the valaes of tbe upper sidewidtlis for H =! 9 and 
H = 10 (1) being for the moment assumed = 6) will be 31 "4 
and 33-6. Therefore, that for H = 9-27 may be taken as 
31 ■ 8. The inerement frora D = 6toD = 7, H being 10, wUl 
be Been to be 6, and the proportional increment for 6- 45 is 
obviously '3, making the corrected sidewidth 3U'l. Now, if 
thia particular case be rigidly worked out by the formula, the 
exact result will be found to be 32 "07, so that the value 
obtained, it may almost be said by inspection, from the Table, 
is within ■ 03 of the true value, a dift'erenco quite inappreciable 
in setting out. 

There remains, however, one further ditBculty to deal with, 
Tiz. the variations in formation widths used in practice. Of 
course it is proposed to provide separate tables for all the chief 
formation widths in use ; but not to multiply, unnecessarily, the 
number of tables, the means will be supplied with each of cor- 
recting for values of F, one foot more or (ess than that on which 
the Table is based. Above each value of D will be found a 
difference, which is that due to one foot of F, and which applies 
to the whole of that column of eidewidths ; for the change in P 
affects to the same extent the sidewidths for all values of H, aa 
the denonimator remains unaltered, but has a different effect for 
each aucceaaive value of D. If, for instance, the sidewidths be 
required for a formation width from centre of 16 feet, it is only 
necessary to add to each tabular vaj ue the number placed at the 
top of its column. Similarly for 15 feet 6 inches, add half that 
number, and so on. 

The series of Tables which the author proposes to construct 
will include the following : 

I. A Table of values of M =v' 100' - U=, for all values of D 
from 1 to 55, that is, for cross-slopes from 1 in 100 to 1 in IJ. 

II. A Table of values of H, when H' = 0, corresponding to 
successive values of D at the principal formation widths. 

IIL Tables of sidewidths for double line formation of 30 feet, 
that is, F = 15, and for slopes of i, J. 1, IJ, IJ, 1|, 2, and 2i to 
1 respectively. These Tables, as already explained, will also be 
easily applicable to formations from 28 feet to 32 feet. 

V. Tables for the same slopes, adapted to values of F = 5 feet 
6 inches and 9 feet 6 inches. 

Table II. will be found useful in enabling the engineer, when 
setting out, to ascertain from his section the point where the 
half formation width cuts out on the surface, and where, conse- 
quently, there is a cusp, as it were, in the line of slope, on the 
upper or lower aide respectively, where the balance line on that 
Bide occurs between the cutting and embankment. 

Table V. will be required in the case of single lines of rail- 
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way, when the cuttings are set out one-sided, in anticipation of 
the line being afterwards doubled. Such a section is illustrated 
in diagram 4. The Table for F = 5 feet 6 inches will be based 
on values of H 6 inches less than the nominal ones, so that the 
sectional heights may be used without correction. 

In the Tables for the flatter slopes it will be obviously un- 
necessary to carry the values of D to the same extent as in 
those for the steeper ones, such slopes being only employed in 
ground that would not naturally stand at a sharp inclination ; 
but, on the other hand, it may be desirable in these cases to 
tabulate sidewidths for intermediate values of H and D. It 
will, of course, be understood that although reference has been 
made in this paper to railways only, the method and its Tables 
are equally applicable to all descriptions of earthwork, as for 
canals, roads, &c. 

In conclusion, the author would observe that he has no expec- 
tation of the method he now advocates altogether superseding 
the one now in use, but offers it as one which he believes to 
have advantages, and which many may prefer to employ. He 
has endeavoured to meet such difficulties and objections as have 
suggested themselves. 
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M. 


D. 
11 


M. 


D. 


M. 


D. 
31 


M. 


D. 


M. 


1 


99-995 


99-39 


21 


97-77 


95-07 


41 


91-21 


2 


99-98 


12 


99-28 


22 


97-55 


32 


94-74 


42 


90-75 


3 


99-95 


13 


99-15 


23 


97-32 


33 


94-40 


43 


90-28 


4 


99-92 


14 


99-01 


24 


97-08 


34 


94-04 


44 


89-80 


5 


99-87 


15 


98-87 


25 


96-82 


35 


93-67 


45 


89-30 


6 


99-82 


16 


98-71 


26 


96-56 


36 


93-30 


46 


88-79 


7 


99-75 


17 


98-54 


27 


96-28 


37 


92-90 


47 


88-27 


8 


99-68 


18 


98-37 


28 


96-00 


38 


92-50 


48 


87-73 


9 


99-59 


19 


98-18 


29 


95-70 


39 


92-08 


49 


87-17 


10 


99-50 


20 


97-98 


30 


95-39 


40 
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BETTINO OUT THE SLOPES OF BAETHWOHK& 



mstussioN. 

Mr. J, H, Adams said that he had experienced the diffi- 
culties poiutttil out by Mr. Light in setting out railway slopes, 
and waa aware of the losa of time that occurred in finding 
the true width of tlie slope. That the Tables given by the 
author were correctly worlced out did not admit of doubt, and 
he believed that the method would be of great advantage to 
engineers, and lead to a saving of time in carrying out such 
work. There was every probability of the Tables being very 
useful indeed to the practical engineer, in setting out railways, 
roads, and canals. 

Mr. T. Caegill said that he could not see any parti- 
cular advantage in the method proposed by Mr, Light over 
that ordinarily employed in laying out the slopes of railways. 
It appeared to be a substitution of mafhematical formulje for 
ordinary plotting. He had laid out the sidewidths of many 
miles of railway by the usual mode adopted by engineers, which 
was perfectly accurate to within about three mcljes. The cross- 
section paper was ruled to a scale of 20 feet to the inch hori- 
zontally and vertically. The formation level, and the allowance 
for fences from the point where the slope of the railway inter- 
sected the embankment or cutting, was also given. In addition, 
in every case the longitudinal section must be made, and the 
depth of tliG cutting or the height of the embankment. The 
diagrams did not appear to refer to exceptional cases where the 
ground was irregular, but to slopes which were all uniform. 
He did not see how the authors method would meet cases 
where the ground was irregular. The only data required in 
laying out sidewidths was tlis depth and the height according 
to the embankment, and an accurate cross-section. Engineers 
made their cross-sections wherever they wei-e required, accord- 
ing to the contour of the ground, whatever might be the 
distances adopted. From the cross-section paper they got the 
accurate honzontal distance, and they laid out the ground 
accordingly. He remembered the manner in which a young 
engineer, for the contractor, laid out the sidewidths of a railway 
some years ago. He had a kind of triangle of ropes and small 
piJleys, and, having got the Table of sidewidths from the office, 
he plumbed the sidewidths all along the line, flret on one side, 
and then on the other. He had, of course, the accurate hori- 
zontal distance given to him, but he never tliought of making 
I any calculation, and yet the land waa accurately laid out. He 
Wr. Cargill) thought that the Tables themselves would be 
boable, but he did not see how they were to be applied in 
I __ 
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practice. The process of giving the aaaistant the Table of side- 
widtha was very Bimple. He did not see how Mr. Light would 
apply his Tables all along a section of country, without giving 
mure trouble than the ordinary method gave, and he did not 
aee the advantage to be gained by using the new method. 

Mr. J. H. Adamh said it appeared to him that Mr. Cai^ll 
was arguing cases that were not put by Mr, Light. The new 
method was supposed to apply to cases where cross-aectiona 
were not taken, and such frequently oecurred. He had had 
them in hia own experience. For instance, the longitudinal 
section or level might have been altered, or the hne mij^ht 
have been diverted. There might be sections, such as Mr. 
Cargill h ad indicated, to which the Tables would not apply, and 
then other rules would have to be resorted to ; but the Tables 
would be useful for a regular section, and with the iuclinatioa 
of the ground within the limits Mr. Light had proposed. 

Mr. Cahqill askeii Mr. Adams whether he meant that a 
railway was to be laid out witliout the height of the embank- 
ments or the depth of the cutting being known. He did not 
know whether Mr. Adams meant to lay out his sidewidtha 
before he had got his gradients. If so, he (Jlr. Cai^'U) did not 
know where they would go. In fact, the liue could not be laid 
out, for according to Mr. Light's formula they must have the 
vertical height. If Mr. Adams meant that they were to lay out 
the sidewidtha before they had got the depths of cutting, ha 
was probably right as to the utility of the new method. 

Mr. J, H. Adams said that he referred to coses in which the 
gradients of a line had been altered after the longitudinal 
section had been taken. On sidelong ground the depth of the 
cutting would be altered, from the fact of a line being diverted 
from tne original course. 

Mr. F. W. Bryant asked whether Mr. Adams would not 
have a longitudinal section taken of that alteration ? 

Mr, Adams said that he had met with cases where that bad 
been omitted. Sometimes a curve had heen altered to avoid 
certain property, 

Mr. F, W. Bryant said that if the deviation was only a 
slight one, engineers could measure from the original pegs, and 
then read off very easily on their section paper. 

Mr. Cargill said that if Mr. Adams meant that they 
altered their line and altered their longitudinal section, they 
would then have to do the whole work over again. 

Mr. Adams said that he did not mean that both altera- 
tions occurred together, but sometimes there was one, and 
sometimes the other. 

Mr, Cargill asked Mr. Light how he would apply his 
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method if a house came ia the way. With a cross-aectioii 
engineers could get their point. Until they got their aide- 
widths they did not know whether they were to take the house 
or not. 

Mr. Adams said that the ground was generally pretty uDiforra 
where houses were built. 

Mr. UsiLL said he agreed with Mr. Cargill that there was 
nothing like the old system. The most important thing in 
setting out a railway was to have the centre line properly 
staked out at first. That being done, of course the longitudinal 
section was taken, and then cross-sections. The work was then 
a very simple matter, unless there waa any great deviation. 
One of the reasons why he should strongly adnere to the old 
system was, tliat it was very important in all railway work to 
have a record of the ground before it was disturbed, not only 
that the engineer might be able to find any point at a future 
time, but in case of a dispute with tbe contractor as to tha 
work which ho executes. It waa very well for engineers to have 
a method in their waistcoat pockets by which they could find 
the required point at a minute's notice. No doubt the Tables 
were valuable, and tabular methods were now coming largely 
into use, and greatly taeilitated the operations of the eufjiueer ; 
but he was bound to say that he did not expect that they 
would supersede the processes already in existence, and he did 
not see how Mr. Light's Tables were to be preferred to the old 
cross-section method. 

Mr. Olandbr said that about twelve years ago he was 
engaged on siieh work, and at that time the system adopted in 
getting the halfwidtbs on railways was a tentative measure. 
He presumed tliat that was the measure Mr. Light mentioned 
as the original mode. It was a very troublesome method, and he 
had often thought, when he wiis using it himself, that it would 
be a good thing if a method of measuring directly the slope on 
either side was invented. It was impossible for him to follow 
Mr. Light's formulie as they were reaii ; but if his method was 
to me-asure directly from the centre line to the proposed width, 
it would do away with the original tentative method, and in 
that way would be a very great improvement. There was an 
instrument invented by Mr. liister about twelve years ago. It 
was iu the form of a theodolite ; in fact, it was a theodolite 
with certain additions. The inventor took the correct half- 
widths of one section ouly, and on that section he placed his 
theodolite. The top of the instrument was so aiTanged that it 
could radiate to the proposed angle of the slope. Consequently, 
if fixed correctly on the cross-section, the instrument could 
sweep the siJelong ground, bo that the lino formed by the 
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intersection of the wires in the theodolite and the gronnd ^ 
would be the correct halfwidth. That theodolite was exhibited 
at a Boiree of the Inb-titute of Civil Engineers about the time of 
its invention, and he (Mr. Olauder) tbouglit it a great improve- 
ment If Jlr. Light's method would do away with the tentative 
process, and give approximately correct results, it would be j 
very valnable, especially for young engineers. 

Mr. Caroill said that he had seen the instrument in- 
vented by Mr. Lister, and also an older inatmment invented 
bj' Sir John MacConnell. With the latter instrument tbey had 
eitlier to find or to assume the angle of slope, and sometimes 
there were five or six angles of slope. He would advise young , 
engineers to have nothing to do with instrumental methods. ■ 

Mr, Light, in reply, said that he had anticipated from the I 
character of the paper that the discussion could be only a 
sbort one, but he tbought that it might be desirable to bring 
the subject before the Society, and have their opinion upon it. 
With regard to the remarks of Mr. Cargill and Blr. UsiU, he 
might say generally that with the system of taking cross- 
sections he had no comparison to make, Of course that was the i 
superior and right method, hut as a matter of fact it was not j 
generally adopted ; and, as distinctly stated in the paper, it j 
was only in lieu of the ordinary tentative method that he pro- | 
posed the system now dracribed. That would answer Mr. J 
Cargill's question as to houses being in the way. It was qnita I 
clear that in exceptional cases like thatj any engineer would i 
necessarily take cross-sections and plot them. On one point ^ 
Mr. Cargill must have some little misconception. In order ta | 
avoid confusing the diagram, he (Mr. Light) had given D and | 
A as taken only in one direction. It was by no means necessary | 
that they should be so taken; and in the instance which he I 
gave in the paper they were taken in both directions. There- j 
fore the proposed method could meet the cases of considerable I 
variation of the slope. Although it was quite understood by I 
the paper that he did not intend the method to be specially 
applicable to anything except regular rolhng slopes, at th© I 
same time he believed that he should have no difficulty what- ] 
ever in using it in rougher ground. Unless that iixegularity ' 
was very severe indeed, the error of the slope from the centra I 
peg would be but small. The Tables, after a little experience 
with them, would guide the engineer so closely as to where he 
was likely to come out, that his error could not be great, and 
at the very worst he would get a quicker result than by the old J 
tentative system, for the second approximation would almost-l 
ertainly bring him to the point. I 

Mr. Cahgill said that he was not supposing a case in which.1 
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there was any uniform fall, but one where there was a rise first 
and a fall afterwards. 

Mr. Light said that of coarse such a case as that wonld 
necessitate a cross-section, and he believed that he stated that 
very clearly in the paper. With regard to the practical 
remarks that had been made by Mr, Usill, upon the value of 
cross-sections, no one could have any queatioQ that they were 
most important as a record of the work ; but he repeated that 
in very many cases crosa-sectiona were taken only where the 
ground was severe and difScult. The use made by Mr, Lister 
of the theodolite, as described by Mr. Olander, was very similar 
to the look which an engineer naturally gave to the poles after 
he had set out the slopes, to see that the sweep was fair and 
true ; only the one examination would be for the purpose of 
setting the poles, and the other for the purpose of correcting 
them after they were set. 

The Pekbident said that Mr. Light had given a paper of 
considerable value, and one with which he had evidently taken 
a great deal of trouble. Of course there was a great difficulty 
in following tlie diagrams and furmuhe during the reading of 
the paper, and hence it was impossible to give it that discussion 
to wnich it was fairly entitled. But one result of the discus- 
sion seemed to be, that important as were the uses of the cross- 
section method, it was admitted that Mr. Light's system as an 
aiixihary was also of great value. Therefore, the combination 
of Mr. Light's method nith the old system might be very 
useful. The Society of Engineers was very much indebted to 
Mr. Light for the study he had given to the subject. Mr. Light 
was very accurate in all liis calculaiions, and they might rely 
inpon it that anything he advanced was trustworthy and 
peliable. 
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